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METABOLISM OF TRON 





I. INvrrRAvENOoUsS [RON TOLERANCE TESTS IN NORMAL SUBJECTS AND PATIENTS 
WwitH HEMOCHROMATOSIS 


STANLEY E. Gittow, M.D.,* ANp Mitton R. Beyers, M.D.** 
New York, N. Y. 


EPEATED phlebotomies for the removal of excess storage iron in hemo- 

chromatosis have been used empirically for many vears. It has been re- 
cently proved that these excess iron stores are available for hemoglobin syn- 
thesis.'. This established the rationale for such therapy.*: 

Unfortunately, the majority of patients with hemachromatosis are diag- 
nosed at both an advanced age and a relatively advanced stage of the disease 
at which time they may be unable to withstand the rigors of this regimen. 
Karly diagnosis is therefore imperative. The clinical diagnosis of this disease 
is often difficult or impossible without laboratory aids. Liver biopsy, skin 
biopsy, and the finding of hemosiderin in the bone marrow have been, until re- 
cently, the diagnostic aids of choice. Of these only the liver biopsy is diagnostic 
in every case of hemochromatosis. Since liver biopsy is not an innocuous pro- 
cedure, some other technique would be desirable for screening suspected cases 
of hemochromatosis. 

A high serum iron with a high degree of saturation of the total iron-binding 
capacity has been noted in hemochromatosis.** However, normal serum iron 
<1 


values and even hypoferremia have been reported in this disease.’ 


14 


It was felt that intravenous iron tolerance tests® ''* might not only aid 


in diagnosis, but also shed some light on the metabolism of iron in hemochroma- 
tosis. The test was performed in fasting subjects by the slow intravenous ad- 
ministration of saline-diluted green ferrie ammonium citrate, in an amount 
equivalent to ten milligrams of elemental iron. Serum iron determinations were 
performed’ on specimens drawn prior to, five minutes after, and one hundred 
twenty minutes after the injection of the iron. It has been conclusively demon- 
strated that the ten milligrams of iron injected is in exeess of that quantity 


necessary to saturate the serum iron-binding protein completely.®: '* 1% 17: 


18 


The iron in excess of that amount bound by the iron-binding protein diffuses 
rapidly into the tissues, giving rise to the toxic symptoms of sneezing, coughing, 
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flushing, nausea, and occasionally vomiting. The injection of iron increases the 
serum iron from the fasting level (Sele) to the total iron-binding capacity ot 
the serum (TIBC). The latter is represented by the five-minute specimen.'® 
The in- 
crease (INC) from the fasting serum iron level (SeFe) to the total iron-binding 


This maximal serum iron level has also been called the braking point. 


capacity level (TIBC) is the unsaturated iron-binding capacity. 
(DEC) in the serum iron level from the five-minute to the one-hundred-twenty- 
minute specimen is apparently a function of the tissue uptake of the serum iron. 


METHODS 


Intravenous iron tolerance tests were performed on ten normal males, ranging from 
twenty to forty vears in age. None of these controls revealed any evidence of infection, 
blood loss, or neoplasm in recent history or physical and laboratory examinations. 
intravenous iron tolerance tests were performed on seven patients with hemachromatosis 
proved by liver biopsy. All of the patients except one (P. F.) had 
controlled by diet and insulin therapy. In six of the seven, there was no evidence of fever, 


acute infection, ascites, edema, neoplasia, or anemia. One patient (J. C. 
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manifest 


in detail later, had a cholangiocarcinoma and a normochromic anemia. 


slinieal observation and laboratory findings, no case revealed any evidence of active hepa- 


titis. 


The serum iron determinations were performed by a minor modification of the tech- 
this method. 
Recovery studies were within 95 to 105 per cent. The intravenous iron solution 


nique described by Ballets An accuracy of +5 per cent 


pared by diluting 1.3 milliliters of the intramuscular preparation of green ferric ammonium 


citrate (1 milliliter equivalent to 0.05 gram of the iron salt) with 8.7 milliliters of sterile 


Was attained with 


The deerease 


diabe 


, to be discussed 


As judged by 


Thirteen 


Was pre 





tes well 





saline. This 10-milliliter volume was administered intravenously over a five-minute period. 


The first blood specimen (SeFe) was withdrawn immediately prior to this injection, and 


the second and third specimens were taken five and one-hundred twenty minutes after the 


completion of the injection. All syringes and other glassware were washed with hydro 


chlorie acid and iron-free water, All iron determinations were done in triplicate. 


RESULTS 


Results are presented in Tables I and IT. 


TABLE I. INTRAVENOUS IRON TOLERANCE TESTS IN NORMAL MALES 


seFe TIBC 120’ SATURATION INC 

(Y%) (Y%) (Y%) (%) (Y% 

A. 74 253 163 29 179 

B. 109 309 226 28 200 

C. 145 346 326 42 201 

1). 136 335 303 41 199 

kK. 180 308 PRO DS 128 

F, 186 364 333 51 178 

G. bar 371 335 48 194 
Hn. 139 388 328 36 249 

fe 139 388 321 36 249 

J 153 344 263 44 191 

Average 
values 146 341 289 4] 196 
SeFe fasting serum iron; TIBC total iron binding capacity 
tion SeFe/TIBC x 100; INC increase (TIBC—SeFe); DEC 


DEC 
(Y% 
90 
83 
20 


ra) 
19 
31 
36 
60 
67 
8] 


ve 


(5’ speci 
decrease 


DEC/INC 
) RATIO 


men): 
(TIBC 


0.50 
0.41 
0.10 
0.16 
0.15 
0.17 
0.19 
0.24 
0.27 
0.42 


0.26 


satura- 
120’). 


Normals.—The Seke values ranged from 74 ype to 186 ne per 100 ml. of 


serum, with a mean of 146 we per cent. The TIBC values ranged from 253 to 


388 wg per cent, and averaged 341 pg per cent. 


The average saturation of the 




















TABLE IT. 


| ee 
8/21/50 
10/27/50 

W.L. 
9/12/50 
9/14/50 
11/16/50 

J. Mu. 
10/2/50 
10/9/50 


J. Mo. 
10/20/50 
11/8/50 

(ie 6 Sig 
4/1/51 

1. E. 
5/17/51 

)/26/51 

J.C. 

5/19/51 


Average 
values 


SeFe 


tion 
*This 
New York. 


INTRAVENOUS 


SeFe 
(Y%) 


168 


213 


was 


IRON 


TIBC 


Y% 


294 
326 


me bo 


DO bo bo 


2 


HO bo bo 


304 
301 


207 


207 


195 
164 


206 


246 


fasting serum iron; 
SeFe,/TIBC x 
patient 


INC 
studied 


TIBC 
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120’ 
/ 


(Y% 


171 


204 


increase 


through the 


) 


OF IRON 


SATURATION 
(%) 


87 
91 


88 
63 
9] 


94 
96 


99 


95 


94 


total iron binding ca 
(TIBC I 
courtesy of Dr. 


SeFe) ; 


pacity 
4*( ‘ 


Leiter, 


WITH 
INC DEC 
(Y%) (Y% 
Qn 99 
od - 
9 0 
26 98 
79 98 
21 BY) 
18 36 
11 46 
3 16 
10 20 
62 54 
42 31 
44 33 
38 35 
32 42 


(5’ specimen) ; 
decrease 
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DEC/INC 
RATIO 


0.59 


3.77 
1.24 


9 62 


2.00 
4.18 


Doo 


2.00 
0.87 


0.74 


0.75 
0.92 


2.09 


satura- 


(TIBC—120’). 
Montefiore 


Hospital, 


serum iron-binding protein was 41 per cent, with a range of 28 to 58 per cent. 


The serum iron concentrations decreased from the peak TIBC values to an 
The latter ranged 


average of 289 ne per cent at one hundred twenty minutes. 
Although the absolute values for the serum iron 


from 163 to 335 pe per cent. 
(INC=TIBC 

twenty-minute specimen ) 
fairly constant. 


increase 


Sele) 


varied, 


and 


of this ratio will be discussed later. 
Hemochromatosis.—The SekFe values varied from 120 to 297 pg per cent, 


with an average of 213 ye per cent. 
a range of 164 to 335 we per cent. 
binding capacity was 94 per cent, varying from 63 to 99 per cent. 


the 


decrease 
ratio, 


(DEC=TIBC 
DEC/INC, 
It varied from 0.10 to 0.50, averaging 0.26. 


one-hundred- 
was observed to be 
The significance 


The TIBC averaged 246 ye per cent, with 
The average saturation of the serum iron- 


At one 


hundred twenty minutes the serum iron values ranged from 114 to 326 ng per 


cent, with a mean of 204 vg per cent. 
to 5.33, averaging 2.09. 
ratios were greater than 1.0 and that only one was less than 0.74. 


The ratio, DEC/INC, varied from 0.59 


It should be noted that the majority of the calculated 


A repeat 


testing in the patient with the ratio of 0.59 (P. F.) revealed an INC of 29 pg 


per cent and a DEC of zero, with a resultant inealeulable DEC/INC. 


possible significance of this will be mentioned below. 


DISCUSSION 


The 


Although the average fasting serum iron level in our normal patients was 
slightly higher than those average levels noted in Table III, it was in fair agree- 


ment with the determinations done previously in which a similar chemical tech- 
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nique was used. ' 112° The variation may then have been due to a dif- 
ference in analytic technique or a difference in selection of normal patients. 
All the normals used in this study were fasting males, under forty years of age, 
admitted to the hospital for either the elective repair of an inguinal hernia or 
a saphenous vein ligation for uncomplicated varicose veins. In some previous 
studies patients with systemic disease and advanced age were included in the 
normal group. Since our range of fasting serum iron values was in excellent 
agreement with those of other workers, it is also possible that our slightly higher 
average value is due to the relatively small number of normal cases analyzed. 

It has been clearly demonstrated that the five-minute specimen of the ten 
milligram intravenous iron tolerance test represents the TIBC. "4 '& 1's In 
contradistinetion to the technique used in this study, in vitro measurements of 
TIBC signify chemical determinations on fasting serum or plasma which reflect 
the amount of iron binding protein present in the specimen. In our hands, 
such techniques'® have been either cumbersome or relatively inaccurate. If, 
however, excessive quantities of ionizable iron (i.e., 10 mg.) are administered 
intravenously to a patient, analysis of the serum for iron five minutes after the 
injection reveals only that quantity of iron bound by the iron binding protein. 
Repeated injections of 10 me. of iron fail to raise this five-minute serum iron 


TABLE III]. PREVIOUS SERUM IRON DETERMINATIONS IN NORMAL MALES 





SEFF TIBC SATURATION 
AUTHOR (Y% (Y% (%) 
Heilmever and Plotner, 19376 126 
81-162) Heil 
Moore, C. V., et al.: J. C. I. 16: 613-626, 1937 122 P] 
(94-174 
Skouge, E.: Klinische und experimentelle 118 
untersuchungen ueber das Serumeisen, Oslo. 79-158 
Dybwad, 173 pp., 1939 Br 
Brochner-Mortensen and Olsen, 194020 32 Sel 
(90-194 : 
Vahlquist, 194119 142 P 
(68-263 ‘ 
Bjérre, S., and Christoffersen, N. R.: Nord. 11] Bre 
Med. 16: 3314-3317, 1942 (72-160 
Hover, K.: Acta Med, Scandinay, 119: 562 13] 
585, 1944 (63-189 
Holmberg, CC. G., and Laurell, (. B.: <Aeta 130 312 43 
Physiol. Scandinay. 10: 807-319, 1945* (80-172 264-366 ) (23-61) 
Cartwright et al., 194627 120 
(90-150 
Laurell, 194715 124 315 36 
(70-214 (254-406) (21-81) 
Greenberg et al., 194722 126 315t 40} 
(85-137 ) (262-392 ) 
Rath and Fineh, 1949 106 31] 34 
(87-147) (254-432) (30-44) 
Cartwright and Wintrobe, 194916 27 347 36 
(79-196 (306-396) (24-49) 
Andersson, N. S. E.: Acta Med. Seandinav. 115 
138 (Suppl. 241): 5-71, 1950 (74-189 
*Ten normals (6 M, 4 F). 
tIn vivo determinations. 
tBased on average values. 
SeFe fasting serum iron; TIBC total iron binding capacity (in vitro determinations) ; 


saturation SeFe/TIBC x100. 
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level above that obtained after the initial iron injection.’ 2° Our normal TIBC 
as determined by this in vivo technique was in good agreement with the in vitro 
measurements presented in Table III, In vitro determinations of the unsatu- 
rated iron binding capacity were performed on the five-minute specimens in a 
number of the normal and abnormal patients. No unsaturated iron-binding 
protein was found, 

It is generally accepted that the serum iron-binding protein is normally 
about one-third saturated with iron. Our figure of 41 per cent saturation re- 
fleets the slightly elevated fasting serum iron level discussed above. Although 
the serum iron may theoretically vary from zero to about 350 ue per cent 
(TIBC), it is nevertheless maintained within a comparatively narrow range 
(75 to 185 pe per cent). It is therefore apparent that certain regulatory 
mechanisms are operating to maintain approximately one-third saturation of 
the iron binding protein. The intravenous iron tolerance test loads these meeh- 
anisms to their capacity. The decrease in the serum iron level from the peak 
value of this load reflects the tendeney of these mechanisms to effect restitution 
of the normal serum iron level. This deerease (DEC+TIBC—one-hundred- 
twenty-minute specimen) was small (about 50 ue per cent), and in normals 
hore a fairly constant relationship to the size of the load (INC=TIBC—Seke). 


TABLE IV. PREVIOUS TEN MILLIGRAM INTRAVENOUS IRON TOLERANCE TESTS IN NORMAL MALES 


SATURA DEC /IN( 
SEFI TIBC 120’ TION IN( DEC (OUR CAI 
AUTHOR (Y%) (Y%) (Y%) (%) (¥% (Y% CULATION 
Heilmeyer and 70 367 10’ spec. 19 297 37 0.12 
Plotner, 19376* 330 
124 358 40’ spee. 5 234 2() 0.09 
338 
Brochner-Morten- 141 381 259t +0) 210 73t 0.344 
194313* (100-178) 282-453) (246-265) (26-51 157-333 (52-89 0.31-0.37 
lotterman, 134 376 337 36 242 10) 0.16 
194914* (89-160) (307-406 282-366) (26-47 ) (164-267 (25-54 (0.10-0.23 
dstrup, 195017 8] 263 192 30 182 71 0.39 
(50-125) (226-326) (148-240) (20-41 145-214 16-118 (0.28-0.55 
*Ferrous iron used as loading material. 
+Based on three of eight patients. 
SeFe fasting serum iron; TIBC total iron binding capacity (5’ specimen); satura- 
tion SeFe/TIBC x100; INC increase (TIBC—SeFe); DEC decrease (TIBC 120’). 


This constant relationship between the abnormal load (INC) and the resti- 
tution mechanism (DEC) is convenientiv expressed as the DEC/INC ratio. 
Therefore, this ratio is the mathematical expression of the manner in which the 
hody responds to the abnormal load. We have found that this ratio is pre- 
dictable with some accuracy in normal and disease states. It averaged 0.26 for 
the ten normals in our study. Seven ranged between 0.10 and 0.27. Totter- 
man'* has performed the only previous study of normal intravenous iron toler- 
ance tests comparable in all respects to ours (Table IV). Of thirteen normal 
adults, his average DEC/INC ratio was 0.16 (our calculation). Ten fell within 
0.14 and 0.19. 
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Since there is no absorption of serum iron by mature erythrocytes® ' '% ?! 
and since the excretion of iron is minimal during the test period,* '* it is ob- 
vious that DEC is the result of tissue uptake of the serum iron. In the broad 
sense such tissue uptake includes any iron leaving the serum and is concerned 
predominantly with the liver, spleen, and bone marrow. Obviously it is im- 
possible to differentiate that iron entering tissue stores from that utilized in 
erythropoiesis. Whereas the DEC/INC ratio normally averages 0.26, we have 
observed that most pathologie conditions are associated with a higher ratio, Le., 
an abnormally high tissue uptake in response to the test load. This has been 
noted in the anemias associated with chronic infection, metastatic malignaney, 
and chronic blood loss. Chronie infection without anemia may also show this 
abnormality. This correlates with the work of Greenberg and associates who 
demonstrated that the rate of disappearance of infused iron from the plasma 
of patients with infection was about twice that seen in normal subjects.*? Since 
the DEC, INC ratio was elevated in many of the pathologie conditions studied, 
it would seem that in the normal the regulatory mechanisms act to inhibit the 
rapid uptake of bound iron from the serum. The increased ratio in pathologic 
states might be the result of some defect in this inhibitory mechanism. 

It should be emphasized that the DEC /INC ratio is not an absolute meas- 
ure of the physiological turnover of serum-tissue iron. This ratio is the ex- 
pression of the tissue uptake under the stimulus of an abnormally high serum 
iron level and is not strictly comparable to iron clearance values derived from 
studies using minute tracer doses of radioactive iron (e°*).2* 24 Moreover, the 
size of the load (INC) is to some extent predetermined by the fasting serum 
iron level and the TIBC. Theoretically, increased iron storage, associated with 
an inereased saturation of the iron binding protein, might give rise to a high 
DEC/INC ratio without an absolute change in the tissue uptake of serum iron. 
This possibility will be discussed in greater detail later. 

Heilmever and Plotner,® in 1937, were the first to perform 10 mg. intra- 
venous iron tolerance tests somewhat similar to those emploved in this study. 
The results of previous investigations utilizing this test in normal subjects are 
presented in Table IV. Both ferric and ferrous iron were used in these studies. 
It is unlikely that this difference in loading material significantly affects the 
results.'* Nevertheless, these results should not be directly compared with one 
another or with those of this study because of differences in sampling, analytic 
technique, and the timing of blood specimens. 

To the best of our knowledge only one study of this type has been per- 
formed on a patient with hemochromatosis. Frandsen,* in 1947, reported two 
intravenous iron tolerance tests done on one patient with hemochromatosis. In 
the first test, the SeFe was 211 ye per cent, the TIBC 270 pe per cent and a 
sixty-minute specimen 219 vg per cent. Our ealeulation reveals a saturation 
of 78 per cent. The DEC/INC ratio cannot be calculated for comparison, since 
no one-hundred-twenty-minute specimen was drawn. In the same patient, seven 
days later, the SeFe was found to be 262 pg per cent, the TIBC 313 yg per cent, 
with a resultant caleulated saturation of 84 per cent and DEC/INC of 0.84. 























METABOLISM OF IRON 


The tolerance tests in hemochromatosis as presented in Table II possess the 
following characteristics: (1) a normal or high SeFe, (2) a normal or low TIBC, 
(3) a high degree of saturation of the iron binding protein, (4) a normal range 
for DEC, and (5) a high DEC/INC ratio. 

Although the average SeFe in the hemochromatosis group (213 yg per cent) 
was higher than in the normal group (146 ye per cent) there was considerable 
overlap. No Seke value was below the normal range. Four fell within this 
normal range, and six of the remaining nine were well above it (greater than 
256 we per cent). It is therefore apparent that a normal fasting serum iron 
value does not exclude the diagnosis of hemochromatosis. 

No TIBC value was above the normal range. Five were within this range 
and eight fell below it. Since cirrhosis of the liver per se is associated with 
similar TIBC values,'® ?° it is evident that the TIBC, when considered alone, 
has no diagnostic significance. 

The degree of saturation of the serum iron binding capacity was above the 
normal range in all the patients with hemochromatosis, although the highest 
individual normal (58 per cent) did approach the lowest abnormal figure (63 
per cent). This elevated serum saturation in hemochromatosis, previously 
noted by Rath and Finch,’ is evidently of great diagnostic value in this disease. 

Although the absolute figure for DEC in the hemochromatosis group fell 
within the normal range, the DEC/INC ratio was well above normal in all eases. 
The patient, P. F., showing the lowest DEC/INC ratios had had over three 
grams of tissue iron removed by phlebotomy in the six-month period prior to 
testing. It may be that there was some relationship between this therapy and 
the low ratios. 

Three of the seven patients with hemochromatosis had a finding not as vet 
noted in any normal subject. This consisted of a fall in the serum iron level 
by one hundred twenty minutes to a point below the fasting control figure, with 
a resultant DEC/INC ratio greater than 1.00. In both normal subjects and pa- 
tients with hemochromatosis, plotting serum iron against time, from the five- 
minute specimen to that point at which the control serum iron level is reached, 
results in a hyperboliform curve, with the greatest fall occurring during the 
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first thirty minutes.'* ?*: 7° In normals this control level is not attained before 
ten hours.’ ** In those three cases of hemochromatosis with a DEC/INC ratio 
greater than 1.00, the initial level was reached in less than sixty minutes. 

The abnormally high ratios noted in hemochromatosis would seem to indi- 
cate an inereased tissue affinity for serum iron under the conditions of the 
tolerance test. Strictly speaking, these results do not specifically indicate that 
such excessive uptake occurs at times when the serum iron levels are not arti- 
ficially increased. Huff et al. studied patients with leukemia, polyevthemia, 
pernicious anemia, and aplastic anemia with minute tracer doses of Fe°’.2° The 
clearance of radioactive iron from the serum, i.e., tissue uptake or turnover, in 
these diseases grossly correlated with the DEC/INC ratio in similar conditions 
studied by means of intravenous iron tolerance tests.2* This indicates that the 
DEC/INC ratio may actually reflect tissue uptake not only under the conditions 
of the test but also at physiologic serum iron levels. 
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It has been accepted that the specifie abnormality in hemochromatosis is 
an inerease in the absorption of iron from the gastrointestinal traet.°’ Our re- 
sults indicate that in addition to this defect, there may also be an abnormality 
in the serum iron regulatory mechanisms, In view of the abnormal affinity of 
the tissues for serum iron and of the mucosal cells for gastrointestinal iron, it 
is tempting to hypothesize that the two mechanisms have the same underlying 
pathophysiology. 

The abnormalities in the intravenous iron tolerance test noted in patients 
with hemochromatosis are not specific for this disease. Similar results have been 
found in pernicious anemia in relapse, Cooley’s anemia, acute leukemia, and 
aplastic anemia.?* This does not detract from the value of the intravenous iron 
tolerance test as a diagnostic aid in hemochromatosis, since these other diseases 
offer no problem in differential diagnosis. The major clinical difficulty is one 
of differentiation of simple portal cirrhosis with or without diabetes from the 
‘irrhosis associated with hemochromatosis. On the basis of studies now in 
progress?’ we feel that the intravenous iron tolerance test is of definite value 
in differentiating these two conditions. As compared with hemochromatosis, 
such tests in cirrhosis have revealed: (1) a slightly lower Sele, (2) a lower de- 
eree of saturation, (3) similar TIBC ranges, and (4) a lower DEC) INC ratio. 
The tendeney toward low TIBC values in both diseases might be due to the 
altered protein metabolism in chronic liver disease, with a specific difficulty in 
the formation of iron binding protein. 

It should be emphasized that a detailed analysis of any single intravenous 
iron tolerance test must be made to interpret the results properly. Case J.C. 
illustrates this point. A severely ill patient entered the hospital with the clinica! 
diagnosis of portal cirrhosis, diabetes mellitus, normochromie anemia, and pos- 
sible hepatoma. The intravenous iron tolerance test (Table I1) revealed a nor- 
mal Sele, a low TIBC, a high degree of saturation, and a high DEC/INE ratio. 
An occasional severely ill patient with portal cirrhosis may reveal a somewhat 
elevated saturation or DEC/INC ratio.2° A high DEC/INC ratio and low 
TIBC is also compatible with the presence of malignancy. The diagnosis of 
hemochromatosis rested upon the fact that there was a high normal SeFe in the 
face of a moderately severe normochromice anemia. Sueh an anemia secondary 
to infection, chronic blood loss, or malignaney is frequently associated with a 
hypoferremia. Subsequent liver biopsy revealed hemochromatosis and cholangio- 
carcinoma. This case typifies the necessity for a complete and detailed examina- 
tion of the results of every iron tolerance test. 

There is a theoretical objection against using the DEC/INC ratio to repre- 
sent the tissue uptake of serum iron in pathologie conditions. Since the load 
(INC=TIBC—-SeFe) is partially determined by the quantity of serum iron 
binding protein (TIBC), the DEC/INC ratio is obviously related to the state 
of protein metabolism in the individual patient. Thus a low TIBC with a nor 
mal SeFke and DEC would result in a high DEC/INC ratio despite the possi- 
bilitv of normal iron metabolism. The slightly elevated ratio noted in uneom- 
plicated portal cirrhosis*®? may be due to the associated lowered TIBC per se 
and not to a primary dysfunction of iron metabolism. Hemochromatosis, though 
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associated with hepatie dysfunction and TIBC values similar to those seen in 
portal cirrhosis, reveals a much more markedly increased DEC) INC ratio. This 
partially substantiates the validity of the DEC/INC ratio as a measure of tissue 
uptake of serum iron but does not obviate the necessity for considering the state 
of protein metabolism when interpreting a slightly elevated ratio. The correla- 
tion of this ratio with the work of Huff and associates,?* as discussed previously, 
also supports our feeling that this figure does reflect the state of the body's iron 
regulatory mechanisms, above and beyond the effeet of variations of protein 
metabolism, At this time, however, it is impossible to state what effect the pres- 
ence of abnormally large iron stores have upon the tolerance test. It is in- 
teresting that at least three conditions associated with hemosiderosis, pernicious 
anemia, Coolev’s anemia, and hemochromatosis, reveal similar abnormalities in 
the iron tolerance test. Since hemosiderosis is associated with relatively high 
serum iron values, one might argue that the high DEC/INC ratios seen in these 
diseases are at least partially due to the low INC (TIBC—SeFke) values. If 
this is so, one would still find it difficult to explain the increased rate at which 
the serum iron returned to the fasting values—especially when the one-hundred- 
twenty-minute specimens occasionally revealed serum iron levels below. the 
initial fasting values. 

We have found that the results of the intravenous iron tolerance test may 
be affected by the presence or absence of acute or chronic liver disease, malig- 
naney, infection, uremia, severely altered protein metabolism, hemosiderosis 
(either exogenous or endogenous) and various hematologie disorders. Each 
test must be evaluated in the light of these variable factors, each of which may 
alter any one or all of the results. It must also be stressed that to interpret the 
test properly the results must be viewed in their entirety, taking into aecount 
the ¢linical and laboratory data of the individual patient and correlating such 
data with the various absolute and relative values of the iron tolerance examina- 
tion. 

SUMMARY 


The technique of the 10 mg. intravenous iron tolerance test and its results 
in normal subjects and patients with hemochromatosis are presented. 

The salient features of this test in hemochromatosis are: (a) a normal or 
high fasting serum iron, (b) a normal or low total iron binding capacity, (¢) a 
high degree of saturation of the iron-binding protein, and (d) a high DEC/INC 
ratio. 

The possible significance of the DEC/INC ratio as an expression of the 
state of the serum iron regulatory mechanisms is presented. 

It is suggested that in hemochromatosis there is an increased tissue affinity 
for serum iron as well as an inereased absorption of iron from the gastroin- 
testinal tract. 
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THE BLOOD VOLUME IN PORTAL CIRRHOSIS AS DETERMINED 
BY P* LABELED RED BLOOD CELLS 
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JoHN H. LAwRENCcE, M.D., AND SuirRLeEyY Port, B.A. 
BERKELEY, CALIF., AND OAKLAND, CALIF. 


[1k blood volume in portal cirrhosis of the liver has been studied in the 

past using the dye, Evans Blue (T-1824).'° In general, these studies have 
shown a plasma hypervolemia and little change in the total red-cell volume. 
It seemed desirable to study the blood volume in cases of portal cirrhosis using 
P** labeled red cells, a method which does not have the inherent inaccuracies of 
the dye methods.* * 

METHODS 

The blood volume was determined with P82 labeled red blood cells in twenty-eight 
patients with portal cirrhosis of the liver by the method of Hevesy and Zerahn5 as modified 
in this laboratory.6 The clinical diagnosis was established by a typical history and physical 
findings such as enlargement of the liver, or liver and spleen, telangiectases, esophageal varices, 
distended abdominal veins, and ascites with or without dependent edema. The clinical diag- 
nosis was confirmed by abnormal liver function tests, and in sixteen of the twenty-eight cases 
hy biopsy, laparotomy, or autopsy. Cases complicated by other known diseases such as 


diabetes, infection, congestive failure, or concomitant carcinoma were excluded from this study. 


RESULTS AND DISCUSSION 


In general, the blood volume was determined soon after the patient en- 
tered the hospital and before therapeutic measures had been undertaken. 
However, two patients required immediate transfusions to combat shock from 
acute blood loss, and the blood volume was determined in one eight days and 
the other seventeen days later, at which time it was felt that the plasma volume 
was stabilized. Both men and women in a wide age group have been studied. 

The results are presented in Tables I, I], III, and LV. 

lor purposes of discussion, the normal range of the plasma volume is con- 
sidered to be between 32 and 46 ml. per kilogram body weight, and total red 
cell volume between 24 and 33 ml. per kilogram body weight, as determined 
by this method.® ° 

The patients have been divided into four groups on the basis of their 
blood volumes (Table 1). In Group I there are seven patients who have a low 
total blood volume and a low plasma volume. Group II is a group similar to 
frroup I, with the exception that the plasma volumes are in the range of nor- 
nal but below the average. Group III comprises those patients with a high 
otal blood volume, high plasma volume. Group IV comprises those patients 
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with plasma volumes within the normal range but above the average. The 
majority of the patients with cirrhosis showed a reduced total red-cell volume, 
only seven (25 per cent) showing a total red-cell volume within the normal 
range. The average total red-cell volume was 19.5 ml. per kilogram body 
weight; the range was 15.5 to 29.4 ml. per kilogram body weight. 

In Group Ll and Group IV the plasma volumes were within the range for 
normal; however, it should be noted that in both groups there was a distinct 
tendency for the plasma volumes to be near the extremes of the normal range: 
In Group Il, five of the seven patients had plasma volumes within 2 ml. per 
kilogram of the lower limit and in Group IV, four of the seven fell within 
these same limits, i.e., were within 2 ml, of the upper limit of normal range. 
In Group IIL the plasma volume was above the upper limit of normal in all 
cases, and Group | below the lower limit of normal. 

In one patient, No. 19 (see Table II), the blood volume determined. six 
and fifteen months after the initial study showed a complete reversal from a 
high normal blood volume with a normal red cell volume and slightly elevated 
plasma volume to a low blood volume, and a low total red-cell volume and a low 
normal plasma volume. During these intervals, the patient had been at home 
and continued to indulge excessively in aleohol. During the second interval 
there was both a striking weight and blood volume decrease. However, the 
extent of the decrease was approximately the same, so that there was no dit- 
ference noted in the blood volume in terms of milliliters per kilogram body 
weight. Clinically the course of the disease during this time had been pro- 
gressively downhill. In contrast to this, two other patients (Nos. 2 and 25, 
Table I11), who were in the hospital for a considerable period of time under 
controlled conditions, showed an increase in the blood volume, due to an in- 
crease in the plasma volume. Another patient who had been in the hospital 
nine months and who had been given supportive therapy with a view to pre- 
paring him for surgery (a portoeaval anastomosis) had a normal blood vol- 
ume: 71.2 ml., total red cell volume 33.1, and plasma volume 38.1 ml. per kilo- 


gram body weight. 


TABLE II. THE CHANGE IN BLOOD VOLUME IN PATIENT No. 19 DURING RELAPSE 


| | TOTAL BLOOD ] rOTAL RED CELL | PLASMA 
} VOLUME VOLUME | VOLUME 
(ML./KG. (ML./KG. (ML./KG, 
PATIENT DATE WEIGHT ML. BODY WT. ML. BODY WT. (ML. ) BODY WT. 
19 8/11/50 61.8 1630 74.8 1570 25.4 3050 $9.4 
2/15/51 73.9 3730 50.4 1300 17.6 2420 32.6 
11/ 1/51 50.9 2620 51.4 920) 18.0 1590 33.0 


The number of cases observed is too small to draw any conclusions 
but further studies are contemplated to see whether the total blood vol 
ume, plasma volume, and total red-cell volume increase during liver’ re 
generation or compensation in a larger series of patients. In this connectio! 
it should be mentioned that Labby and Hoagland’ have shown with T-182 
that during the acute stage of infectious hepatitis there is an increased plasm: 
volume which then decreases with recovery of normal liver function. 
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TABLE IIT. THE CHANGE IN BLOOD VOLUME IN PATIENTS No. 2 AND No. 25 
DURING THERAPY 


TOTAL BLOOD TOTAL RED CELI PLASMA 
VOLUMI VOLU MI VOLUME 
(ML./KG, ML./KG. ML./KG, 
PATIENT DATE WEIGHT MIL. BODY WT. ML. BODY WT. ML. BODY WT. 
2 5/16/50 61.3 P 600 12:3 LO10 16.5 1580 95.8 
6/13/50 59.5 2930 19.2 910 14.3 1990 33.5 
7/19/50 54.1 3190 59.0 1050 19.5 2140 39.5 
25 11/15/50 60.9 $140 67.9 1720 28,2 360 387 
12/7 71750 5.2 $495 772 L800 30.9 2650 15.6 


Hlustrative of the clinical value of the blood volume in this disease are the 
following two cases of bleeding from esophageal varices. 

Patient 21 entered the hospital with a history of hematemesis. The blood 
volume was determined soon after entry. The following evening he had a 
massive hematemesis, clinically estimated to be about 4,000 ml., and went into 
shock from which he recovered after administration of 500 ml. of plasma. The 


blood volume was then determined (Table IV) and the clinical impression of 
blood loss was confirmed. Calculated blood volume loss was 3,350 ml., total 
red-cell volume loss was 1,190, and plasma volume loss was 2,170. However, 


the aetual blood loss must have been greater than 3,550 ml.: it must be the 


amount of blood which would contain 1,190 ml. of red cells. Beeause the 
hematocrit was changing, this ean be estimated only as being approximately 
4,800 ml. 
TABLE IV. THE CHANGES IN BLoop VOLUME DUE TO HEMATEMESIS IN 
PATIENTS No. 21 aNp No. 16 


TOTAL RED 


TOTAL BLOOD CELI PLASMA 
VOLUMI VOLUME VOLUMI 
PATIENT DATE (ML. ML. ) ML. HEMATOCRIT 
21 3/14/51 6,390 1.790 1.540 28 
3/16/51 3,540 600 2 870 17 
16 3/30/51 6,420 1,930 1,490) 30 
0/29/51 9,920 1,300 1.620 22 


\fter 3,000 ml, blood and 1,250 ml. plasma) 
6/ 4/51 6,SS8S8 1,930 $950 28 


(Between May 29, 1951, and June 4, 1951, the patient was given 1,500 ml. of 
whole blood. ) 


The second patient (No. 16) following discharge from the hospital re- 
sumed his alcohol intake and later re-entered the hospital in shock from 
hematemesis on May 27, 1951. The blood volume was not determined until the 
patient had received 3,000 ml. of blood and 1,250 ml. of plasma. This shows 
that within the three-day period of blood administration the total red-cell 
volume was only 100 ml. greater than the amount transfused (1,200 ¢.¢. of red 
‘ells). Thus the patient entered the hospital after considerable blood loss and 
‘ontinued to lose blood while receiving the transfusions. The third blood 
oOlume shows that after additional transfusions totaling 1,500 ml., the blood 
olume has been restored to the level found at the time of discharge on the 
irst admission to the hospital. This also shows that between the second and 
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third blood volume determination there was no further bleeding, since the 
difference in total red-cell volume represents a quantity of red blood cells 
equivalent to that transfused in that period. 

The total blood volume, total red-cell volume, and plasma volumes could 
not be correlated with hepatomegaly, splenomegaly, ascites, hemorrhagic 
phenomena, serum proteins, icterus index, intensity of the cephalin floceula- 
tion, or thymol turbidity. 

Of the four groups of patients, there was a distinet tendency toward a 
larger total red cell volume on the average (average total red cell volume 
22.0 ml. per kilogram) in the fourteen patients with plasma volumes above the 
average, as compared to the fourteen patients with plasma volumes below 
average (average total red cell volume 17.1 ml. per kilogram). Although these 
findings could not be correlated with other clinical and laboratory findings, 
the findings in the small group studied while undergoing therapy suggest the 
possibility that the changes in total red cell volume and particularly in the 
plasma volume may be a more sensitive indicator of the extent of impairment 
of liver function than the other laboratory or clinical evaluations. 

It has been previously observed, and Table I shows that the hematocrit, 
red cell count, and hemoglobin do not give a true picture of the circulating 
total red-cell volume or plasma volume. If only the routine hematologie de- 
terminations such as hemoglobin, red blood cell count, and hematocrit are 
made, many cases of severe anemia will be considered as being only slightly 
anemic, and cases with normal red blood cell volume may appear to be se- 
verely anemic. 

CONCLUSIONS 

1. The blood volume of twenty-eight patients with portal cirrhosis of the 
liver was studied using P** labeled red blood cells. 

2. Seven patients had a low total blood volume and plasma volume. 

3. Seven patients had a high or normal total] blood volume, high plasma 
volume, and normal or low total red-cell volumes. 

4. Seven patients had high or normal total volume, high normal plasma 





volume, and normal or low total red-cell volumes, 

5. Seven patients had normal total red-cell volumes; the other twenty-two 
patients were anemic by blood volume standards. 

6. The total red-cell volume was significantly higher in the group of pa- 
tients with plasma volumes above average. 

7. It is evident that in cases of cirrhosis of the liver the blood volume 
may be high, normal, or low, the total red-cell volume may be normal or low, 
and the total volume of red blood cells and of plasma cannot be predicted from 
the hematoerit. Further work will be undertaken to see if changes in blood, 
red-cell, and plasma volumes in response to treatment have any prognostic 





values. 
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STUDIES ON THE SEPARATION OF CELL TYPES IN SERO- 
SANGUINOUS FLUIDS, BLOOD, AND VAGINAL FLUIDS 
BY FLOTATION ON BOVINE PLASMA ALBUMIN 


Don W. Fawcett, M.D.,* anp Bert L. VALLEE, M.D.** 


Boston, Mass. 


N STUDIES on malarial blood, Ferrebee and Geimant deseribed the separa- 

tion of parasitized erythrocytes from normal erythrocytes using a method 
which took advantage of the difference in their specifie gravity. The molarial 
whole blood was layered onto a solution of plasma albumin of high specific 
vravity. After centrifugation normal red blood cells, having a specific gravity 
greater than that of the albumin, were packed at the bottom of the tube while 
the lighter infected cells remained suspended at the interface between plasma 
and albumin. <A modification of this technique has been employed by Vallee, 
Hughes, and Gibson’ to effect complete separation of leukocytes from whole 
blood. The successful application of the same physical principle to the exami- 
nation of bloody serous fluids for cancer cells has been reported previously by 
Faweett, Vallee, and Soule... The present paper presents the results of further 
experience in the separation of cell types in serous effusions, blood, and vaginal 
fluids by differential flotation on bovine plasma albumin. 


MATERIALS AND METHODS 


The observations on serosanguinous fluids are based upon the study of twenty-four 
pleural and abdominal fluids submitted to the Cytology Laboratory at the Vincent Me- 
morial Hospital for diagnosis. The clinical diagnosis and the source and appearance of the 
fluids are presented in Table I. For routine examination, a 40 ml. sample of each fluid 
was centrifuged, and smears of the sediment were fixed and stained by the method of 
Papanicolaou.? Using the remainder of each specimen, an effort was made to segregate 
its cell types by differential flotation on albumin solutions of different density. Sterile 
35 per cent solution of bovine plasma albumin (Armour Laboratories) having a specific 
gravity of approximately 1.090 was diluted with varying amounts of normal saline to make 
solutions having the desired specific gravity. Preliminary studies showed that it was 
possible to eliminate erythrocytes from the sediment of serous fluids by employing an 
albumin solution with a specific gravity of about 1,050.5 The following procedure was 


employed: 


1. Two 40 ml. centrifuge tubes are filled with the serous fluid to be examined and 


centrifuged five minutes at 2,000 to 2,500 r.p.m. 

2. The supernatant serous fluid is discarded. The cellular sediment from both tubes 
is combined in 8 ml. of saline solution and the cells are resuspended by alternately aspirat 
ing and expelling the saline with a pipette. The resulting suspension represents a tenfold 
concentration of the cell population. 
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3. Using a No. 18 gauge needle on a 5 ml. syringe, 35 per cent albumin is aspirated 

from its rubber-capped vaccine bottle up to the 3.4 ml. mark (Fig. 1, 4). After the tip of 

the needle is withdrawn from the albumin, it is immersed in normal saline and the plunger 

is drawn out to the 5 ml. mark. Saline and albumin are mixed by inverting the syringe 
several times and the mixture is delivered into a 40 ml. round bottomed centrifuge tube. 


The saline suspension of cells is layered onto the albumin solution with a dropping 


— 


pipette and great care is exercised to prevent mixing at the interface (Fig. 1, B). 

5. The tubes are then centrifuged twenty to twenty-five minutes in an SB 1 Inter 
national centrifuge at 2,000 to 2,500 r.p.m. 

6. After centrifugation, the erythrocytes are found on the bottom of the tube. <A 
thin buffy layer containing cancer cells, mesothelial cells, and macrophages floats at the 
saline-albumin interface (Fig. 1, C). This layer is pipetted off into a 15 ml. conical centri 


fuge tube, and saline is added to the 15 ml, mark. 


0 























Fig. 1.—Diagram of the principal steps in the procedure for albumin flotation. A, Drawing 
3.4 c.c. of the viscous 35 per cent albumin into the syringe in which it will be diluted to 5 c.c. 
with saline. B, Suspension of cells layered on top of albumin solution ready for centrifugation. 
C, After centrifugation erythrocytes are packed at the bottom. The lighter cells floating on 
the surface of the albumin are pipetted off to a small conical centrifuge tube. D, The cell pack 
now free from blood may be studied in smears or by the cell-block method. 


7. The cells are centrifuged for five minutes to pack them (Fig. 1, 2), the supernatant 
is decanted, and the tube is inverted to drain. Smears of the sediment are made for 


staining by the Papanicolaou method. 


When the accumulation of cells at the end of step 1 in the above procedure was very 
scant, it was found advisable to decant the supernatant, refill the tubes, and centrifuge 
again in order to have more cells to work with. When the sediment was not abundant, it 
was found advantageous to use a 15 ml. conical centrifuge tube in step 3. With 2 to 3 ml. 
of cells, better results were obtained with the 40 ml. centrifuge bottle in which the saline 
albumin interface presented a greater surface area to the falling cells. The addition of 
saline in step 6 served to wash the cells free of albumin, which would otherwise form an 


undesirable precipitate when the smears were fixed. 
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TABLE | 
SMEAR 
AFTER 
SOURCE | APPEARANCE ROUTINE ALBUMIN 
PATIENT CLINICAL DIAGNOSIS OF FLUID | OF FLUID SMEAR | FLOTATION 
018 carcinoma of lung chest ** grossly bloody’’ positive positive 
112 ? Hodgkins disease chest moderately bloody negative  doubtful* 
116 carcinoma of lung chest bloody doubtful — positive 
118 ? carcinoma of lung chest cloudy, bloody negative negative 
(8,000 R.B.C. ) 
146 carcinoma of lung chest dark green, bloody positive positive 
305 portal cirrhosis abdomen moderately bloody negative negative 
carcinoma of ovary abdomen slightly bloody positive positive 
356 metastatic adenocarcinoma chest chocolate brown positive positive 
of stomach 
369 adenocarcinoma of ovary abdomen moderately bloody doubtful — positive’ 
407 carcinoma of endometrium abdomen cloudy bloody negative — positive 
$25 pulmonary infarct conges- chest blood tinged negative negative 
tive failure 
534 renal cell) carcinoma with chest ‘*orossly bloody ’’ negative positive 
pulmonary metastases 
538 carcinoma of lung chest moderately bloody doubtful — positive* 
589 metastatic adenocarcinoma chest moderately bloody — positive positive 
(200,000 R.B.C. ) 
661 ? metastatic hypernephroma chest extremely bloody negative positive* 
(1,800,000 R.B.C. ) 
673 carcinoma of lung chest moderately bloody negative negative 
(130,000 R.B.C. ) 
771 carcinoma of ovary abdomen ‘* moderately negative — positive* 
bloody ’’ 
S06 metastatic adenocarcinoma chest moderately bloody positive positive 
of stomach 
828 bilateral pneumonia chest ‘*very bloody’? negative negative 
882 metastatic adenocarcinoma chest moderately bloody — positive positive 
of uterus 
975 metastatic adenocarcinoma chest dark brown, bloody positive positive 
of lung 
9QSS careinoma of lung chest °° Very bloody ’’ doubtful positive 
990 adenocarcinoma of uterus abdomen blood tinged positive positive 
995 ? carcinoma of lung chest very bloody negative positive” 


Cases in which the report after albumin flotation differed from the report of the routine 
smear. 


In addition to the study of clinical material, experiments were carried out to deter 
mine the amount of blood which could be present and still allow successful separation of 
cancer cells by albumin flotation. For this purpose artificial cell suspensions were made by 
adding varying amounts of mouse blood to saline suspensions of cells of the mouse Ascites 
tumor. In these simulated serosanguinous fluids the erythrocytes and tumor cells were counted 
in a Clinical hemocytometer and an effort was then made to separate the cancer cells by means 
of steps 3 to 7 of the above procedure, 

Vaginal fluids from several normal women and from nine patients with carcinoma of the 
cervix were studied. The fluid collected from the vagina was diluted with 5 ml. of saline. The 
resulting cell suspension was layered onto an equal volume of albumin in a 15 ml. centrifuge 
tube. Albumin dilutions used ranged from 2.4 to 3.2 ml. of 35 per cent stock albumin per 
5 ml. After fifteen to twenty minutes of centrifugation the cells floating at the saline-albumin 
interface were washed, collected, and smeared as described above. 

Leukocytes were separated from chicken blood by layering 5 ml. of heparinized whole 
blood onto albumin diluted with saline in the ratio 4.2 ml, to 0.8 ml. After centrifuging for 
fifteen minutes at 2,000 r.p.m., the leukocytes were pipetted off of the albumin-plasma interface 


and packed by recentrifuging for five minutes, 
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RESULTS 

Serous Fluids.—Of the twenty-four serosanguinous fluids examined, nine- 
teen were reported positive after elimination of blood by flotation on albumin 
(Table 1). Nine of these had been interpreted as “negative” or as “doubtful” 
on the basis of routine smears. 

If the exfoliated malignant cells were sufficiently numerous, a positive 
diagnosis could often be made from moderately bloody fluids by the routine 
method of examining Papanicolaou stained smears of the sediment. A smear 
prepared in this manner from the bloody pleural fluid of a patient with ad- 
vanced adenocarcinoma of the lung (589) is shown in Fig. 2a. Several 
single cells and cell groups are present which were adequate for a diagnosis of 
malignaney. A smear of the cells obtained from this fluid by centrifugation 
over albumin is presented in Fig. 2b. This smear contains several times as many 





Fig. 2a.—Direct smear of the sediment of bloody pleural fluid from a case of metastatic 
adenocarcinoma. Cancer cells can be identified between the dark masses of blood. (Papanic- 
olaou stain x 200.) 

Fig. 2b.—Smear prepared from the same fluid after elimination of the blood by albumin 
flotation. Cancer cells and mesothelial cells are greatly concentrated. (Papanicolaou stain 
x 200.) 


mesothelial cells and large malignant cells as were present in Fig. 2a. In this 


ease albumin flotation was not necessary to establish the diagnosis, but a diag- 
nosis can be made from such a smear with greater assurance because it is based 
upon the examination of a larger number of cells. 

When serosanguinous fluids have few cancer cells relative to the number 
of erythrocytes, the chances of finding and identifying the malignant cells are 
much diminished. A smear of the sediment of such a fluid from a patient 
(988) having an adenocarcinoma with pulmonary metastases is shown in Fig. 
3a. Very few malignant cell groups were present and these were overlain and 
partially obscured by heavily stained blood and cellular debris. These clumps 
of cells were regarded as suspicious but could not be seen well enough, nor in 
sufficient number, to allow a definite diagnosis. The routine smear was there- 
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fore reported “doubtful.” The same fluid when centrifuged over albumin 
yielded the smear illustrated in Fig. 3b. The groups of malignant cells were 
very conspicuous and a positive diagnosis could be made without hesitation. 

In a third example, which illustrates well the advantages of the method, an 
exceedingly bloody pleural fluid was obtained from a patient who had previously 
had a nephrectomy for hypernephroma. The hematocrit of this fluid was 17 
per cent. Examination of the routine smear revealed only blood and was 
reported “negative” (Fig. 4a). By albumin flotation it was possible to separate 
a buffy laver of cells consisting of a few macrophages and mesothelial cells and 
many large groups of malignant cells (Fig. 4b). When examined in wet smears, 
the cells in these groups were heavily laden with refractile lipid droplets, as 
might be expected of cells exfoliated from a metastatic hypernephroma. In this 
instance a fluid which was reported negative both in smear and cell block was 
unequivocally positive after albumin flotation. 





Fig. 3a. toutine smear of a very bloody pleural fluid reported ‘‘doubtful.”” Groups of 
cells such as that in the upper right were regarded with suspicion, but these were usually 
obscured by an overlay of heavily stained blood. (Papanicolaou stain 200.) 

Fig. 3b.—Smear from the same fluid after albumin flotation. Many large groups of 
adenocarcinoma cells are clearly visible. (Papanicolaou stain 200.) 


In experiments undertaken to determine approximately how much blood 
could be present and still permit segregation of the cancer cells by albumin 
flotation, it was found that mouse Ascites tumor cells could regularly be sepa- 
rated, with very little contamination by blood, from suspensions containing 
about 350 tumor cells and 1,650,000 erythrocytes per cubie millimeter, a ratio 
of approximately 1 to 5,000. 

Theoretically it should be possible to separate any two cell types differing 
in specific gravity. The difference in specifie gravity need not be great, pro- 
vided the cell types being separated are quite uniform in size and shape. Thus, 
equal numbers of chicken and rabbit erythrocytes in saline suspension ean be 
separated by finding a concentration of albumin which will arrest the slightly 
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lighter rabbit cells at the interface while permitting the nucleated chicken 
cells to pass through. Attempts to separate cancer cells from mesothelial cells 
and macrophages in serous fluids generally met with little suecess because 
these cells differed relatively little in specific gravity, and the cells of any one 
type varied considerably in size and in state of preservation. In certain in- 
stances when adenocarcinoma cells were unusually large or when they con- 
tained large watery or lipoidal vacuoles, they were very much lighter than 
most mesothelial cells and macrophages. Under these circumstances an albu- 
min layer of appropriate density could be found by trial and error which 
would segregate cancer cells in very nearly pure form. For example, in the 
case of the hypernephroma cited above (661) it was expected that the specific 





Fig. fa.—A direct smear of sediment from a pleural fluid which contained approximately 
1.8 million erythrocytes per cubic millimeter. Routine smears and cell block were both re- 
ported “negative.” (Papanicolaou stain 170.) 

Fig. 4b.—A smear made from this fluid after elimination of blood and mesothelial cells 
consists almost entirely of groups of hypernephroma cells. (Papanicolaou stain 170.) 


gravity of the malignant cell groups would be unusually low owing to their 
lipid content. After elimination of erythrocytes from the original sediment 
by flotation, the cellular material obtained was resuspended in saline and 
centrifuged, this time using an albumin barrier which was much less dense 
than the one used routinely (albumin was diluted with saline in the propor- 
tions 2.2/2.8 instead of the usual 3.2/1.8). The specific density of this solution 
was such as to allow the heavier mesothelial cells and macrophages to pass 
through to the bottom of the tube while the groups of lipid-laden tumor cells 
formed a layer on the surface of the albumin. In this way a smear consisting 
entirely of groups of hypernephroma cells was obtained (Fig. 4b). The sedi- 
ment, of a few of the serous fluids studied was very rich in macrophages filled 
with lipid vacuoles. In these instances it was possible to take advantage of 
their unusually low specific gravity to separate them from the other cellular 
elements. 
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Vaginal Fluids.—lt was thought that the principle of albumin flotation 
might be applicable to the segregation of the cell types desquamated in the female 
reproductive tract. Of the various cellular elements commonly encountered in 
vaginal fluids, the squamous cells, bacteria, and erythrocytes were heavy enough 
to pass through the albumin and pack at the bottom of the centrifuge tube, 
while leukoeytes, macrophages, and trichomonads generally floated at the 
saline-albumin interface (Figs. 5 and 6). The eancer cells in vaginal fluids 
varied over a wide range of specific gravities. The more undifferentiated 
tumor cells tended to remain with the lighter leukoevte and macrophage laver. 
On the other hand the more highly differentiated cells, resembling normal 


squamous cells, often passed through the albumin. 





Fig. 5.—Smear of cells from a vaginal fluid which was floated on albumin solution 
(albumin 2.4 c.c./saline 2.6 ¢.c.). Leukocytes and two groups of undifferentiated carcinoma 
cells are shown. Squamous cells have been largely eliminated. (Papanicolaou stain 275.) 

Fig. 6 Smear of material from vaginal fluid centrifuged over albumin solution (al- 
bumin 3.2 ¢.c./saline 1.8 e.c.). Triechomonads, leukocytes and occasional squamous cells are 
present. (Papanicolaou stain 275.) 


The cell types in vaginal fluids could not be separated as satisfactorily 
as those found in blood or bloody serous fluids. Leukocytes often adhered to 
sheets of squamous cells, and single squamous cells were enclosed by clumps 
of leukocytes. Many of these aggregations persisted when the cells were sus- 
pended in saline. Therefore, the different cell types did not always migrate 
in the centrifugal field according to their own specific density. A lighter cell 
could be carried down by a heavier one to which it adhered, and conversely a 
heavy cell could be held up by several adherent lighter ones. Thus a certain 
number of leukocytes were commonly carried through the albumin by squa- 
mous cells and a few squamous cells were often impounded among the lighter 
cells at the saline-albumin interface. The presence of even moderate amounts 
of cervical mucus seriously interfered with separation of cell types because it 
bound the cells together and prevented them from distributing themselves ac- 
cording to their specifie gravities. 
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Segregation of Leukocytes From Blood.—Albumin flotation was successtully 
used by Vallee, Hughes, and Gibson,'’ for separating leukocytes from human 
blood for chemical analysis. In that work the viability of the leukoeytes was not 
an important consideration. In the present investigation leukocytes segregated 
from chicken blood by albumin flotation were found to be viable and quite suit- 
able for use in tissue culture. This method has proved very valuable in studies 
on chicken macrophages in vitro whieh will be reported in detail elsewhere.” 
The starting material for macrophage cultures heretofore has been obtained by 
removing the clear plasma from centrifuged blood and clotting the buffy coat by 
addition of thrombin. Explants were then cut from the coagulated buffy coat. 
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Mie. Te \ smear of normal chicken peripheral blood showing two leukocytes and 
several clusters of thrombocytes. (Wright's stain x400.) 
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Fig. 7b. \ smear of the leukocytes separated from this blood by albumin flotation. 
(Wright's stain x400.) 

Fig. 7c Macrophages which had developed after cultivation of those leukocytes’ in 
vitro for three days. (May-Grunwald-Giemsa stain x 400.) 
In this procedure many erythroeyvtes may be incorporated in the clot and their 
subsequent degeneration has a deleterious effeet upon the cultures. The macro- 
phages become so heavily laden with phagoeytized erythrocytes that they are not 
suitable for cytological or cytochemical study. This disadvantage was overcome 
by using leukocytes separated by flotation on albumin. In this procedure leuko- 
evtes appeared to incur little or no damage and they were obtained with minimal 
ervthroeyte contamination. When cultured, the monocytes were rapidly trans- 
formed into macrophages which were maintained in vitro for two weeks. 
The degree of concentration achieved may be appreciated by comparing the num- 
ber of leukoevtes in a stained smear of chicken blood (Fig. 7a) with the number 
in a smear of leukoeyvtes concentrated from the same blood by flotation on albu- 
min (Fig. 7b). A photomicrograph of the macrophages derived from this mate- 
rial after forty-two hours of cultivation is presented in Fig. Te. 

It was also possible to recentrifuge a plasma suspension of these leukocytes 


) 


over an albumin-saline mixture of lower specific density (3.2/1.8), and thereby 
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largely eliminate the heavier polymorphonuelear eosinophils, further concentrat- 
ing the mononuelear elements, which are the only ones capable of prolonged sur- 
vival in vitro. 

DISCUSSION 

In diagnostic laboratories interested in the detection of cancer cells in serous 
fluids, the cell-pack obtained by centrifugation is either embedded in paraffin 
and sectioned, or it is smeared directly onto slides which are then fixed and 
stained by the method of Papanicolaou. Whichever method is used, the dis- 
covery of a few malignant cells among a great many normal cell types requires 
prolonged microscopic study by a skilled technician. Extremely bloody fluids 
present a particularly difficult diagnostic problem. Large numbers of erythro- 
cytes not only cover and obseure the cancer cells but in effeet dilute them so 
that the probability of tumor cells being included in the smear or section 
examined is diminished. Therefore any method which will eliminate red blood 
cells from these fluids will result in a relative concentration of the malignant 
cells and improve the accuracy of diagnosis. The lysis of blood cells by treat- 
ment with 3 per cent acetic acid has been recommended as a useful procedure 
in the study of moderately bloody serous fluids by Saltenspiel,* and by Olsen 
and Bourgeois® for bloody vaginal fluids. However, the acid, in addition to its 
destructive action upon erythrocytes, may alter the morphology and staining 
reactions of the cancer cells, and thus interfere with their identification. 

The use of unphysiological solutions is avoided by centrifugation over an 
iso-osmotie solution of albumin as deseribed here, and cancer cells, mesothelial 
cells, leukocytes, and macrophages can be recovered from extremely bloody 
fluids in which these cell types together constitute only a small fraction of the 
total cell pack. In several instances this elimination of blood has resulted in a 
positive diagnosis where other methods have failed. Henee albumin flotation 
is regarded as a valuable ancillary procedure for the handling of those very 
bloody specimens which are most difficult to diagnose by the methods now in 
common use. 

Albumin flotation is not recommended in the study of clear serous fluids 
uncontaminated by blood. Separation of a single cell type from an admixture 
of macrophages, mesothelial cells, and cancer cells is theoretically possible, 
but because the differences in specific gravity of these cells are small and the 
range of variation among cells of any one type is large, such refined separa- 
tions are too uncertain and complicated to be practical for routine diagnostic 
purposes. In a few favorable cases nearly pure populations of macrophages 
and of eancer cells have been obtained and the method holds considerable 
promise as a research tool in special projects requiring relatively pure sus- 
pensions of a single cell type. 

The distribution of cells after centrifugation over solutions of albumin 
has been thought to depend principally upon the relative specific gravity of 
the cells, the density and osmotie pressure of the solutions involved.’ There is 
reason to believe, however, that other factors are involved, sinee it was found 
that cells which would float on albumin of a certain specific density were not 
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held up in the centrifugal field by a sucrose solution of the same calculated 
specific density. While this may be an effect of the osmotic pressure of the 
sucrose, it is noteworthy that the suerose solution is less viscous than the cor- 
responding albumin solution. Hence, it is possible that the results obtained 
with any given solution of albumin depend to some extent upon its high vis- 
cosity as well as its specifie gravity. 

Efforts to adapt the method for use with vaginal fluids were somewhat 
disappointing. In those few instances where direct smears of a copious, grossly 
bloody or purulent discharge were unsatisfactory, centrifugation over albumin 
facilitated the diagnosis by eliminating blood cells and most of the squamous 
epithelial cells from the smear. However, in the majority of vaginal fluid 
specimens, albumin flotation was of doubtful value owing (1) to the small 
amount of fluid available, (2) the variability in specific density of squamous 
carcinoma cells, (5) the tendency for cells of different type to cohere, and (4) 
the difficulties resulting from the presence of cervical mucus. It is possible 
that some of these disadvantages could be overcome by further experimenta- 
tion with mucolytie agents and methods for bringing about the dissociation 
of cells. 

The viability of leukocytes separated from whole blood by albumin flota- 
tion has been questioned by Buckley, Powell, and Gibson,’ who prefer the 
method of Minor and Burnett,’ which employs fibrinogen to accelerate erythro- 
cyte sedimentation, leaving the leukocytes suspended in plasma enriched with 
added fibrinogen. It was contended that clumping of leukocytes at the plasma- 
albumin interface and rise of temperature during centrifugation might be 
inimical to their survival. Actually, the viability of chicken leukocytes sepa- 
rated by albumin flotation has been clearly demonstrated by their capacity to 
survive in vitro and give rise to pure cultures of macrophages.’! The duration 
of centrifugation which has been employed for chieken blood (fifteen minutes) 
is no greater than that required for obtaining the buffy coat of blood as origi- 
nally recommended for tissue eultures of leukocytes by Carrel and Fbeling.* 
In this short time it is unlikely that the cells are ever brought above body tem- 
perature. The tendency for the leukocytes to adhere when concentrated by 
centrifugation over albumin makes it difficult to prepare smears with a uni- 
form distribution of cells for eytological study; it does not, however, interfere 
with the preparation of cultures. When incubated, the leukocytes readily dis- 
engage themselves from the cell clumps and wander out into the culture 
medium. 

SUMMARY 


A procedure for the elimination of blood from the sediment of serosan- 
euinous fluids is deseribed. The method involves differential centrifugation 
With an iso-osmotie solution of bovine albumin adjusted in specifie gravity to 
allow cancer cells, mesothelial cells and macrophages to float while the heavier 
erythrocytes are packed at the bottom of the tube. 

Of twenty-four serosanguinous fluids studied by flotation on albumin, nine- 
teen were found to contain cancer cells. Nine of these “positive” fluids had 
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heen reported “negative” or “doubtful” in routine smears and one which was 
reported as “negative” by routine smear was considered “doubtful” after 
flotation. Hence albumin flotation is regarded as a useful procedure in the 
handling of excessively bloody serous fluids which are difficult to examine in 
direct smears or cell-block preparations. It is occasionally useful in the exami- 


nation of copious, bloody vaginal fluids. 


The method is also applicable to the separation of leukocytes from whole 


blood for tissue culture, and to various fundamental problems in which rela- 


tively pure populations of a single cell type are required, 
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THE RESPONSE OF MONOCYTES TO ADRENAL 


CORTICAL EXTRACT* 
KkpNA H. Tompkins, M.D. 
Boston, Mass. 


— agen tne injection of rabbits with sphingomvelins?! has been shown 
to elicit responses of the circulating Ivmphoeytes and heterophils that are 
identical to those reported following injections of mice, rats and dogs with 
ACTIL or with adrenal cortical hormones.* ' 2° The lymphocytes decrease with- 
in the same interval of time after injeetion of sphingomyelins as after injection 
of the hormones, remain diminished for the same duration, and overcompensate 
In the same manner. The heterophils inerease slightly, and the total white 
counts diminish or remain unchanged. While probably related in some manner 
to that obtained with ACTH, this reaction is considered specifie to sphingo- 
myelins, since control injections of the experimental menstruum, or of a different 
phospholipid, failed to elicit comparable responses of the blood cells. Inter- 
estingly, the response of the monoeytes to sphingomyelins parallels that of the 
lvmphoeyvtes in all respeets. The differential counts were performed by the 
supravital technique, which is particularly helpful in the differentiation of 
monoeytes ; and rabbits tend normally to have appreciable numbers of these cells. 
This combination of factors aided in emphasizing the parallelism between the 
reactions of the blood monoevtes and Ivmphoeytes to these lipids. 

Specifie separation of monocytes from lymphocytes was not indicated in 
the studies concerned with the action of adrenal cortical hormones on lympho- 
eytes. ® * 11 Tt seemed, therefore, in view of this fact, and of the parallelism 
hetween the reaction of lymphocytes to sphingoniyelins and to adrenal cortical 
hormones, and between the reaction of both lymphocytes and monoeytes to 
sphingomyelins, that investigation of the action of adrenal cortical hormones on 
monocytes was also indicated. This seemed particularly pertinent in view of 
the concept of Iymphoeytes as the locus for the formation of antibodies which 
developed from the action of adrenal cortical hormones, and from various 
immunologic studies, upon those cells. St 1112 This coneept is op- 
posed by the contemporary one of *‘young plasma cells’’ as the locus of this 
2,9, 10, 17 


activity.’ Both concepts are alike, however, in that they are based on 


presumptive reasoning, and in that the proponents of each have failed to specify 
separation of monocytes, voung cells of the reticulo-endothelial system, which 
ias long been regarded as the site of antibody formation,’® from the cells which 
hey implicate. Investigation of the reaction of monocytes under any of the 
xperimental conditions employed by these workers, therefore, seemed to promise, 
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in addition to the specific information sought, beginning light in the confusion 
that has arisen in recent years concerning the eytologie locus for the formation 
of antibodies. 
EXPERIMENTAL PROCEDURE 

Only four rabbits were used for this investigation, two males (Nos. 50 and 51) and two 
females (Nos. 44 and 49), which had long been habituated to the procedures of the laboratory. 
One rabbit (No. 49) with an exceptionally high basic count of monocytes was chosen purposely 
in order to permit of exaggeration of any effects that might occur in those cells. Injections 


were given both subcutaneously and intravenously in this animal. Otherwise all injections 


were given intravenously. Wilson’s aqueous extract of adrenal cortex” was used throughout, 
without dilution, 5 ml. per rabbit intravenously, and 7 ml. subcutaneously. The rabbits’ 


Weights were as follows: No, 44, 5.9 kilograms; No. 49, 3.7 kilograms; No. 50, 5.2 kilograms; 


and No. 51, 3.1 kilograms. 
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Fig. 1. Rabbit 49. Counts of the white blood cells following intravenous injection of 5 c. 
of adrenal cortical extract. Abscissa hours; ordinate—absolute numbers of cells. 
The blood was obtained by a prick of an ear vein. Trenner automatie white’ bloo 


pipettes were filled in triplicate. The counts were made in duplicate and the third pipette 
used only when they disagreed. The differential counts of 200 cells were made supravitally i 
order to facilitate differentiation of monocytes. All values are expressed in absolute numbers 

Control injections of other than the experimental extract were not made, beeause the 
control studies which were carried out during the course of various investigations concerne 


*This extract was kindly secured for us through the courtesy of Dr. David Klei: 
Wilson Laboratories, Chicago, III. 
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with the reaction of rabbits to lipids2%. 24 seem to serve adequately for the present studies 
also. They demonstrate that the reactions of the blood cells following control injections of 
rabbits habituated to the laboratory procedures and handled considerately throughout the 
experimental period are in no way equivalent to those following adrenal cortical stimulation. 
The routine in this experiment was similar in every respect to that used in the former studies. 
Each rabbit did serve as its own control, however, since two or more counts were made at 
hourly intervals before injection of the extract. The injection was given only when a steady 
control level was assured, 

Counts were made at hourly intervals following injections for the first six hours, at 
two-hour intervals thereafter for such periods as seemed indicated, and then every twelve 
hours for several days. The counts of basophils and eosinophils entered into the computations, 
but have been omitted from the records for purposes of simplicity since they show no con 
sistent changes. The absolute counts in the published data, therefore, obviously never add 


to the values of the total white blood counts. 
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Fig. 2.—Same rabbit and same coordinates as Fig. 1. Counts following subcutaneous 
injection of 7 ¢.c. or adrenal cortical extract. Note the similarity of the reaction of the 
monocytes to their reaction following intravenous injection of the extract (Fig. 1). 


RESULTS 


The data are presented in Tables I and II. Table I records the absolute 
1tumbers of the different ween blood eells of the control values, and of each 
‘ount following the injections. The control values represent the average of the 
‘counts made before injection. Table Il was compiled from Table I. It records 
he intervals of time after injection at which maximal increases or decreases 
weurred in the various cells, and presents the magnitude of these changes as 
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percentages of the control values. <All counts up to the first thirty-six hours 
after injection of rabbit 49 are also recorded in Figs. 1 and 2 in order to depict 
graphically the characteristic curve of reaction, and to illustrate the similarity 
of reactions with different routes of administration. Fig. 2 is the more typieal. 


TABLE IT. PERCENTAGE DEVIATIONS FROM THE CONTROL VALUES OF THE MAXIMAL CHANGE 
FOLLOWING INJECTION AND TIME OF ITS OCCURRENCE IN RELATION TO THE TIME OF INJECTION 


TOTAL WHITE BLOOD 


COUNT IETEROPHILS LYMPHOCYTES MONOCYTES 

Y HR. 9 HR. Y HR. 9 HR, 

RABBIT 0-9 HR. PLUS 0-9 HR. PLUS 0-9 HR. PLUS 0-9 TR. PLUS 
NO. % HR.| &% HR. “ HR.| % HR.| % HR.| % 4HR.| % HGR. % HR. 
14 127 6 13 24 Gs 4 36 24 53 «(OS 147 1201-60 1 +100 14 
19 130 3 125 36 1102 «3 $1 36 69 3 3 36 Be yp Gee} 
9 2 8 36 30 2 34.0 36 OS 2 +24 {8 57 3 L57 22 
D0 24 2 7 24 toi 4 27 72 i 2 +58 24 ‘is +129 72 
a1 24 6 117 60 Pe 2 oT 10 16 2 |+38 481-83 3 33 «O«6~0 


*The injection in this experiment was given subcutaneously. 


The data summarized in Table IT are consistent and permit definite econ- 
clusions. Both the Iymphoevtes and monocytes deerease 50 per cent or more 
within a few hours of the injection of adrenal extract. The heterophils, on the 
other hand, increase to about the same degree during this time. The lvymphoeytes 
hegin to return into circulation at about eleven hours after the injection, and 
gradually reach a peak of about 40 per cent above the control values around 
twenty-four to forty-eight hours after the injection. The counts of the heter- 
ophils drop below the control values during this period. The monocytes follow 
the pattern of the lymphocytes except that they attain the maximum of over- 
compensation at later intervals after injection and at higher levels. Due to 
the infrequeney of observation after the first 24 hours it is possible to only 
tentatively conclude that the period of greatest compensatory increase on the 
part of the monocytes is in the neighborhood of sixty to seventy hours atter 
the injections, and at levels around 75 per cent of the control values. The 
monocytes were rather sluggish phagocytically when they began to reappear 
into circulation, but otherwise no qualitative changes were observed in them. 
The total counts obviously reflect these opposing events within the component 
cells, and inerease or decrease moderately dependent upon the balance of devi- 
ations among the components. 

No differences are found between the reactions of the males and females. 
The reaction of rabbit 49 to subeutaneous injection ( Fig. 2) is similar to the 
reaction following intravenous injection (Fig. 1), except that the reaction of 
he heterophils in the latter is the more vigorous. The reaction of the heter- 
phils in this particular instance is also more vigorous than the reaction of 
he heterophils in any of the other rabbits. The reaction of rabbit 49 to sub- 
‘utaneous injection is entirely comparable to the reactions of the other rabbits 
0 intravenous injection. There seems no question, therefore, of merely a 
lireet toxie action of the intravenously injected hormones upon the cells in 
irculation. 
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DISCUSSION 


The findings are similar in all respects to those obtained after injections 
of rabbits with sphingomyelins.2! The responses of the lymphocytes and heter- 
ophils are also similar to their responses following injections of mice, rats and 
dogs with related extracts or with ACTH.® '’ It is now demonstrated from the 
present data, in addition, that the monocytes also share in the leukopenie action 
of adrenal cortical extract, and respond to the extraet in the same manner as do 
the lymphocytes. 

It is obvious from this finding, therefore, that monocytes and lymphoeytes 
should be weighed individually in assumptions concerning either, as the cytologic 
locus for the production of specific biologie substances when such assumptions 
are based merely upon the indirect finding of increments in those substances in 
the tissues or body fluids secondary to administration of adrenal cortieal hor- 
mones. This is true whether the substances be immune bodies or other biologic 
products, and whether elicited by hormones or other experimental procedures. 
These statements are equally applicable to indirect assumptions concerning the 
plasma cell as the locus for such production, and are particularly true when 
forms different from that defined by Marschalk6é are under consideration since 
only that specifie morphology is definitive from monocytes in fixed. tissues.” * 
The so-called *“‘young plasma cells’? can be assumed only by indirect reasoning 
based on transitions. 

These data do not necessarily indicate that monocytes are destroyed as a 
result of the injections of adrenal cortical extract, or that those within the tissues 
disappear simultaneously with those in the blood. But the parallelism of the 
reaction of the monocytes to that of the lymyphoeytes suggests that the action 


upon them is similar in both eases. Proof of the disappearance of monocytes 


Since monocytes represent voung forms of the reticulo-endothelial system on 
the way to becoming macrophages the question of a possibly similar action of 
adrenal cortical hormones upon other cells of the system is obvious. The ob- 
servation of Gordon and Katsh'? on macrophages and of Dougherty and White' 
on reticular cells of nodes following stimulation of the adrenal cortex ar 
pertinent. 

Since monocytes are abundant in not only the blood and lymphoid tissues,’ 
but throughout all of the connective tissues,?! the omentum, mesentery,?” in 
most areas of chronic inflammation,’ and about tubercles, where they becom: 
filled with bacilli and transformed into epithelioid cells,?* this action of adrena! 
cortical extract upon them is noteworthy. 


CONCLUSIONS 
1. The response of the circulating white blood cells of rabbits to adrena 
cortical extract is identical to their response to sphingomyelins. 


2. The monoeytes of the blood respond to adrenal cortical extraet in th 
same manner and to the same degree as do the circulating lymphocytes. 














ot 
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3. The findings are discussed as indicative of a need for the differentiation 
monoeytes from lymphocytes and plasma cells in tissues before conclusions 


are justified concerning the share of these cells in the production of immune 


bodies or of other biologie substances. 


Ip 
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RESPONSE OF TILE SERUM POLYSACCHARIDE FRACTIONS AND 
PROTEIN FRACTIONS FOLLOWING CORTISONE TREATMENT 
OF PATIENTS WITH RHEUMATIC FEVER 
M. R. Sueriar, Pu.D., Henry L. Scumipt, Jr., M.D., Ricuarp B. Lincounx, M.D., 
James K. DeVore, M.D., JANE A. BuLLock, M.S., AND 
Artuur A, HeLLBAuM, M.D., Pu.D. 
OKLAHOMA CITy, OKLA, 


HE clinical use of cortisone in the treatment of rheumatie fever has now 

been the subject of a number of investigations (Barnes,' Harris, Abrams, 
Leo, and Hubbard,? and Bell, Bell and Wilson’). The mechanism of aetion of this 
hormone, however, is still uneertain. Several investigators, including Dorfman 
and Moses,‘ have suggested that the action of adrenal hormones might be due 
to their inhibitory effect on connective tissue formation. Layton’ suggested that 
this effect is due to repression of synthesis of the polysaccharide moiety ot 
connective tissue. As previous work by one of us has shown that serum poly- 
saccharides are elevated in rheumatoid arthritis,® the following study was under- 
taken to determine whether any relationship might be found between the serum 
polysaccharides and the clinical response of the rheumatic fever patient to 
cortisone. At the same time other laboratory studies of >ossible value in follow- 
ing the clinical course of patients with rheumatic diseases were investigated. 


MATERIALS AND METHODS 


In a preliminary study, five patients with rheumatic fever were investigated. Two 
patients with inactive cases, ages 27 and 31 vears, were found to have normal serum non 
glucosamine polysaccharide levels of 12% and 117 milligrams per 100 milliliters (polysac 
charide + protein, 1.91 per cent and 1.70 per cent), and in one early case the patient, aged 
17 years, was found to have only a slightly elevated level of 129 (2.11 per cent) ten days 
after first onset of symptoms. However, in two cases of recurrent rheumatic fever the 
patients, aged 12 and 29 years, were found to have high polysaccharide levels of 198 and 
154 (3.16 per cent and 2.47 per cent 

Five male patients whose ages ranged from 21 to 29 years were then studied in detail 
Four had undergone previous episodes of rheumatic fever from one to eleven years prior t 
the current treatment. One patient could recall no prior rheumatic fever; one had experi 
enced four episodes of recurrent disease; the other three had each experienced one previous 
episode. None gave history of scarlet fever, ‘‘quinsy,’’ or repeated severe sore throats 
Two of the patients were farmers, one a clerk, one a chemistry laboratory technician, an: 
one a student in college. 

Following a control study period, cortisone acetate was administered intramuscular] 
Blood samples were taken every week for the following determinations: total nonglu 


cosamine polysaccharide, glucosamine polysaccharide, albumin polysaccharide, a-globuli 
From the Medical Service and the Research Laboratory, Veterans Administration Hospita 
and the Oklahoma Medical Research Foundation. 

_ Reviewed in the Veterans Administration and published with the approval of the Chie 
Medical Director. The statements and conclusions published by the authors are the result 
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tion. 
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polysaccharide, hexosamine, serum protein, albumin, a-globulin, sedimentation rate, blood 
glucose, the heat coagulation test of Huggins and associates,?7 serum sodium, and serum 
potassium, 

Total nonglucosamine serum polysaecharide, glucosamine polysaccharide, albumin 
polysaccharide, a-globulin polysaccharide, total serum protein, albumin and a-globulin were 
determined as previously described by Shetlar and co-workers.s: 9 Serum and urinary 
sodium and potassium were determined by flame photometry using a Jenke Flame Pho 
tometer as described by Fox.1° Urinary corticoid substances were determined by a method 


modified from that of Talbot and associates.!1 


RESULTS 
In all cases initially high serum nonglucosamine polysaccharide, glucosamine 
polysaccharide, and albumin polysaccharide levels were found as compared to 
the normal values previously determined. In all five cases elevated a-globulin 
polysaccharide levels were found when the polysaccharide was expressed in milli- 
grams per 100 cubic centimeters of serum, but the e-globulin polysaccharide ex- 
pressed as a percentage of the a-globulin was normal in one ease (C. A. f.). 
This patient had been treated with salicylates for twenty-four days before the 
first blood sample was taken and before cortisone therapy was started.  Al- 
though joint symptoms had recurred, the patient’s temperature was normal at 
this time. <A correlation between elevation of the a-globulin polysaccharide 
expressed as a percentage of the a-globulin and temperature elevation is indi- 
cated. Animal work confirming this statement will be published elsewhere." 
Low serum albumin percentage, low albumin/globulin ratio, and high serum 
heat coagulation figures were also found for all cases. Initial results together 

with normal values are tabulated in Table I. 

In general, the changes of the nonglucosamine, glucosamine, serum albu- 
min and a-globulin polysaccharide levels closely paralleled subjective improve- 
TABLE I. INITIAL SERUM VALUES OF RHEUMATIC FEVER PATIENTS AS COMPARED TO 
NORMAL VALUES 


NORMAL , 
AVERAGE L.D.W. C.A.I. C.E.S. E.G.A. R.E.R. 


Nonglucosamine serum 121 (93-126) 259 204 271 220 280 
polysaccharide * 

Nonglucosamine serum 1.58 (1.26-2.02) Sete 2.87 ool 2.91 3.87 
polysaccharide + serum 
proteint 

‘lucosamine polysac 67 (61-78) 178 129 151 143 194 
charide* 

rlucosamine polysac 0.96 (0.84-1.26) 2.60 LS] 1.96 2.05 2.68 
charide + serum 
proteint 

bumin polysaccharide* 29 (26-37) 102 15 64 55 19 
Ibumin polysaccharide 0.70 (0.61-0.82 ) 3.03 1.43 1.99 1.63 1.52 

albumin t 

Globulin polysac 19 (14-238) 37 1] 67 67 72 
charide* 

Globulin polysae- 2.80 (1.89-4.00 ) £35 3.28 me 5.08 5.14 
charide + a-globulint 

eat coagulation test} 1.18 (1.08-1.28) 172 1.64 1.90 1.86 2.02 
lbumin percentages 62. (53-70) 50 14 1? 48 5) 

*Expressed as milligrams per cent. 


+Expressed as a percentage of the respective protein moiety. 
tExpressed as the lowest coagulable protein concentration. 
§Expressed as a percentage of the total serum protein. 
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ment and the temperature charts (Figs. 1, 5, and 4). The decrease of these 
factors appeared to lag behind favorable clinical response by a matter of a 
few days. Although a rapid decrease of the nonglucosamine, glucosamine, and 
albumin polysaccharide occurred soon after the patients became asymptomatic, 
the appearance of normal values did not occur for some time after continued 
therapy (Table I1). The heat coagulation test values of all patients decreased 


TABLE II, DAYS AFTER BEGINNING OF THERAPY REQUIRED FOR FIRST APPEARANCE OF 
NORMAL VALUES 


FACTOR L.D.W. Cat. C.E.S. E.G.A. R.E.R. AVERAGE 

Serum polysaccharide 71 55 33 D4 56 ays) 
Albumin polysaccharide 92 }] 33 33 35 17 
a-globulin polysaccharide 26 i) oA 10) 13 21 
Heat coagulation test” 13 28 27 17 4? 31 
A/G ratio 0 0 »0) 0 0 ee 
Sedimentation ratet 1] 4] ; 36 " 

Fever 5 2 } li 5 6 
Objective joint findings} 3 0 4 Ss 6 4 
Subjective joint symptoms§ 1 2 2 6 23 5 


*Determined by Howe method. 

+Sedimentation rate failed to become normal at any time. 

tPresence of swelling, redness, or local increase in temperature in the joints, or joint 
effusion. 

$Any complaint of joint pain by the patient upon movement of joint or any subjective 
sensation of joint pain. 


to normal under treatment, but did not seem to be as closely correlated with 
clinical observations as the serum and albumin polysaccharide. Albumin ex- 
pressed as a percentage of the total protein and the albumin/globulin ratio 
(albumin = a-, B-, o-globulin) as determined by the Milne method’? seemed closely 
correlated with clinical changes. The albumin/globulin ratio determined by the 
Howe method (albumin + a-globulin + B- and o-globulin) was a much poorer 
indication of patient status. The erythrocytes sedimentation rate decreased and 
showed some relation to clinieal changes in three cases, but remained elevated in 
two eases, although these cases improved clinically. No significant changes were 
noted in serum sodium, serum potassium, urinary sodium, and urinary potassium. 
The urinary corticoid substances appeared to follow the level of cortisone 
therapy in a general way, increasing when cortisone was given, and falling to 
levels lower than the original ones when the therapy was discontinued. 


ILLUSTRATIVE CASES 

CASE 1,—Patient L. D. W., a 27-year-old white man, was first hospitalized with history 
of four days’ duration of fever and migratory joint symptoms consisting of pain and swell 
ing without redness. The patient was acutely ill with a temperature of 102° F.; pulse. 
100; and respiration, 60. Fine moist rales were heard posteriorly over the lower two-thirds 
of both lungs, and a loud friction rub over the entire precordium was noted. <A roentgeno 
gram of the thorax revealed a massively increased cardiac density with a globular con 
figuration. The electrocardiogram showed a rate of 100 with a P-R interval of 0.20 second 
The white blood count was 11,800 per cubic millimeter, and the sedimentation rate was 3! 
millimeters per hour. The nonglucosamine polysaccharide was 259 mg. per cent; glucos 
amine polysaccharide, 178 mg. per cent; albumin polysaccharide, 102 mg. per cent 
a-globulin polysaccharide, 37 mg. per cent; albumin percentage, 50; heat coagulation tes 
value, 1.72; serum sodium, 290 mg. per cent; serum potassium, 16 mg. per cent; and urinar 


corticoids, 1.46 mg. per day. 
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Fig. 1.—Patient L. D. W. tesponse of the total nonglucosamine polysaccharide, heat 


coagulation value, sedimentation rate, glucosamine polysaccharide, albumin polysaccharide, and 


<-globulin polysaccharide following cortisone treatment. The nonglucosamine and glucosamine 


polysaccharides are expressed as percentages of the total serum protein; albumin and «-globulin 
olysaccharides are expressed as percentages of the serum albumin and «-globulin, respectively. 
The sedimentation rate is expressed in millimeters per hour, and the heat coagulation value is 


xpressed as the least coagulable protein concentration, i.e., the least coagulable percentage of 
erum multiplied by the grams of total protein in 100 cubic centimeters of serum. The level 
if cortisone therapy in milligrams per day and the temperature chart are also shown for com- 
arison with laboratory data. 

The patient first became asymptomatic on the third day after starting therapy. This 


lay is indicated by At. <A drop in glucosamine, nonglucosamine, albumin, and «a-globulin 
olysaccharide levels, heat, coagulation value, and sedimentation rate was noted on the fifth 
iy. After stopping treatment on the twenty-first day, joint symptoms recurred the twenty- 


linth day, which is indicated by Sf. An elevation of the polysaccharide components, sedimenta- 
ion rate and heat coagulation value was noted soon after on the thirty-second day. Note that 
he «-globulin polysaccharide lags behind the albumin polysaccharide in response. A _ second 
ecurrence of joint symptoms occurred on the fifty-fifth day. 
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On the third hospital day cortisone was started with a dose schedule as follows: 300 
mg. first day, 200 mg. second day, and 150 mg. daily for ten days and 100 mg. daily for 


ten days. 


Two days after starting therapy the patient became asymptomatic. As shown in 
Figs. 1 and 2, the serum nonglucosamine and glucosamine polysaccharide, the albumin poly 
saccharide, the sedimentation rate, and the a-globulin percentage all fell to lower levels 
by the fifth day after starting therapy. The albumin percentage and albumin/globulin 
ratios were slower in responding, but rose by the thirteenth day. Urinary corticoids were 


found to be further elevated to 3.51 mg. per day by the tenth day. 
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Fig. 2.—Patient L. D. W. Response of the albumin percentage, albumin/globulin ratic 
determined by the Milne method, and albumin/globulin ratio determined by the Howe metho 
to cortisone treatment. Note that following treatment with cortisone and clinical improvemer 
of the patient, the albumin percentage (serum albumin per 100 grams of total serum protein 
and albumin/globulin ratios increased. Following recurrence of joint symptoms (indicate 
by S?) the albumin percentage and albumin/globulin ratio determined by the Milne method fel 
A poorer relationship of clinical symptoms to the albumin/globulin ratio determined by Howe 
method is noted. 
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Medication was discontinued after the twenty-second day of therapy. Three days 
later there was a recurrence of fever and taehyveardia and in two more days chest pain 
and orthopnea were noted. On the tenth day after cessation of therapy blood samples 
were taken and the total, albumin and a-globulin polysaccharide levels, the sedimentation 
rate, and a-globulin all rose again, while the albumin percentage and Milne albumin 
globulin ratio fell. The Howe albumin/globulin ratio failed to respond in this instance 
due to the concurrent increase in a-globulin. Cortisone medication was resumed on the 
fifth day after cessation of the original course of therapy with an initial dose of 200 mg. 
and a daily dose of 100 mg. for ten days. The dose was then reduced by 10 mg. daily 
until a level of 50 mg. per day was reached. This level was maintained for seven days. 
On the sixth day at the 50 mg. level, an increase in total serum and albumin polysaccharide 
and a decrease in albumin percentage and albumin/globulin was noted. The next day 
fever and tachyeardia again recurred and the dose was increased to a 100 mg. level. 
Svmptoms subsided slowly at this level of therapy and the patient became asymptomatic 
after five days. This was quickly followed by a corresponding drop in serum nonglu 
cosamine polysaccharide, glucosamine polysaccharide, albumin polysaccharide, and an in 
crease in albumin pereentage and albumin/globulin ratio by the Milne procedure. The 
a-globulin polysaccharide continued to rise until nine days after the patient became asymp 
tomatic when a slight drop was noted. 

After fifteen days at the 100 mg. level, the dose was reduced to 75 mg. daily and 
reduced further to 25 mg. daily nine days later. Therapy was discontinued after eight 
days at this level. Physical examination disclosed the heart to be entirely normal with a 
blood pressure of 128/90. A roentgenogram of the thorax was reported as being within 
normal limits. During the period of this study a series of twenty-eight electrocardiograms 
showed transitory ST segment elevations and T-wave inversions. The last ten electro 


eardiograms, however, were considered within normal limits. 


CASE 2.—Patient C. A. I. a 
by hospitalization on four occasions because of typical acute symptomatology. Findings 


21-vear-old white man, first had symptoms in 1941, followed 





consistent with both aortic and mitral valvular damage had been observed repeatedly. 
Ten days prior to admission he developed an upper respiratory infection associated with a 
sore throat and five days later noticed fever, increased malaise, and migratory joint 
symptomatology. Upon admission the patient appeared acutely ill with a temperature of 
98.6 F.; pulse, 110; respiration, 20; blood pressure, 100/60. Tachyeardia and a precordial 
thrill were noted. The right ankle showed questionable swelling, and the shoulder joints 
were painful on motion. Laboratory findings were: red blood count, 3,720,000 per cubic 
millimeter; hemoglobin, 11.9 Gm.; white blood count, 15,200 per cubie millimeter; sedimen 
tation rate, 38 mm. per hour. A roentgenogram of the thorax showed no obvious heart 
enlargement, but was suggestive of ‘‘mitral’’ configuration. The eleetrocardiogram showed 
a rate of 90, a P-R interval of 0.26 second, and changes suggestive of left ventricle hyper 
trophy. 

After admission the patient was treated with bed rest and salicylates, 6 Gm. daily, 
and gradually became less symptomatic. On the twenty-first day of salicylate therapy tem 
perature became elevated, the P-R interval lengthened from 0.18 to 0.22 second, and the 
eft first metacarpophalangeal and right knee joints became swollen, reddened, hot, and 
tender. 

Laboratory studies on the twenty-fourth hospital day revealed results similar to those 
lescribed in the previous case with a sedimentation rate of 40 mm. per hour, high total, 
lbumin and a-globulin polysaccharide levels, high serum heat coagulation test value with 
»wered albumin percentage as shown in Table I. 

On the twenty-fourth hospital day cortisone medication was instituted with a daily 
ose schedule as follows: 300 mg. first day, 200 mg. second day, and 100 mg. for twelve 
avs, at which time cortisone therapy was discontinued. Symptomatie improvement was 
ramatie and the polysaccharide and other serum factors responded (Fig. 8) as deseribed 


the prev ious case. 
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Fig. 3.—Patient C. A. I. Response of the total nonglucosamine polysaccharide, heat co- 
agulation value, sedimentation rate, glucosamine potysaccharide, albumin polysaccharide and 
x-globulin polysaccharide following cortisone treatment. 

The nonglucosamine and glucosamine polysaccharides are expressed as percentages of the 
total serum protein; albumin and «-globulin polysaccharides are expressed as percentages ol 
the serum albumin and «-globulin, respectively. The sedimentation rate is expressed in milli 
meters per hour and the heat coagulation value is expressed as the least coagulable proteir 
concentration, i.e., the least coagulable percentage of serum multiplied by the grams of proteir 
in 100 cubic centimeters of serum. The level of cortisone therapy in milligrams per day and 
the temperature chart are also shown for comparison with the laboratory data. The patient 
first became asymptomatic on the second day after starting therapy. This day indicated by 
Aft. A drop in glucosamine, nonglucosamine, and albumin polysaccharide levels, heat co 
agulation value and sedimentation rate was noted on the eighth day. After stopping treat 
ment on the fourteenth day, joint symptoms recurred on the nineteenth day. This day is 
indicated by St. An elevation of the polysaccharide components and sedimentation rate was 
noted on the twenty-first day, but the heat coagulation value continued to drop. Upon_re¢ 
sumption of cortisone therapy the patient became asymptomatic on the twenty-fifth day. Thi 
was followed by a drop in the polysaccharide components and sedimentation rate. 
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Four days after cessation of cortisone therapy an increased temperature and pulse 
rate were noted and the patient again complained of joint pain without objective findings. 
This recurrence was followed by a striking change in laboratory results as depicted in 
Fig. 5. Cortisone therapy was resumed three days later with the following daily dosage: 
300 mg. first day, 200 mg. second day, and 100 mg. daily thereafter for thirteen days, 75 
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y Fig. 4.—Patient R. F. R. Response of the total nonglucosamine polysaccharide, heat 
¥ oagulation value, sedimentation rate, glucosamine polysaccharide, albumin polysaccharide and 
t <-globulin polysaccharide following cortisone treatment. This patient responded clinically to 
is ortisone treatment much less rapidly than did other patients. This slower response is perhaps 
is orrelated with a continued rise in albumin polysaccharide the first week. Note that the «- 
e Jobulin polysaccharide fell during this period. On the fifteenth day, the polysaccharide com- 
is nents and the heat coagulation value had all decreased. The sedimentation rate, however, 


emained elevated throughout the course of the treatment. 
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mg. daily for seven days, 50 mg. daily for seven days, and 25 mg. daily for seven days. 
Symptomatic improvement was again noted to be prompt. The patient became afebrile 
within twenty-four hours and his tachyeardia rapidly disappeared, 

Laboratory results again reflected this improvement (Fig. 3). After the final discon 
tinuation of cortisone there were no further exacerbations of symptoms. The urinary 
corticoids fell to a level of 0.35 me. per dav six days after cessation of cortisone. The 
physieal examination of the heart showed the positive findings as previously described, 
A roentgenogram of the thorax was reported as showing no change. <A series of nineteen 
electrocardiograms recorded during this period showed a P-R interval which varied between 
0.16 and 0.26 second. Transitory T-wave changes in amplitude were observed. The changes 


suggestive of left ventricle hy pertrophy remained constant. 


CASE 3.—Patient R. F. R., a 28-year-old white man, was hospitalized complaining of 
malaise, fever, and diffuse joint pains of two weeks’ duration, One month prior to admission 
the patient had noted a sore throat. A week following onset of joint symptoms and a week 
prior to admission the patient had received salicylates and penicillin, and on admission 
had a moderately severe urtiearia, thought to be a complication of the penicillin medica 
tion, which made the evaluation of his atypical generalized and progressive joint symp 
tomatology a difficult problem. Physical examination showed the patient to be well de 
veloped and nourished, but acutely ill. Temperature was 101.2° F.; pulse, 88; respiration, 
20. <A eatarrhal otitis media, left, was noted. The cardiac examination showed no abnor 
malities. The left knee, left ankle, and right elbow were swollen, hot, and tender without 
redness. Laboratory findings were: white blood count, 11,100 per cubic millimeter; high 
total, albumin and a-globulin polysaccharides, high serum heat coagulation test values, 
low albumin percentage and albumin/globulin ratio, sedimentation rate of 18 mm. per hour. 
A roentgenogram of the thorax was reported as showing a platelike atelectasis in the left 
lung base. The electrocardiogram revealed a rate of 102, with a P-R interval of 0.23 
second and inversion of the T waves in Leads V, and V,. 

After admission, the patient received 200 mg. daily of cortisone for the first two 
days. Thereafter he received a daily dosage of 100 mg. daily for twenty-six days, 75 mg. 
daily for seven days, 50 mg. daily for six days, and 25 mg. daily for nine days. The 
patient became afebrile seventy-two hours after the institution of therapy. His joint 
symptoms subsided much less dramatically than did those of previous patients, but the 
sixth day after starting therapy he was relatively asymptomatic, although he continued to 
have vague complaints in regard to various joints without objective findings. 

Laboratory studies reflected the slower clinical response of this patient to therapy 
(Fig. 4). The total serum nonglucosamine polysaccharide level dropped only slightly by 
the seventh day, while the albumin polysaccharide increased, and the albumin percentage 
and albumin/globulin ratios decreased during the same period, On the other hand the 
a-globulin polysaccharide decreased as rapidly as in the previous cases. Shetlar, Knobloch, 
Shetlar, Richmond, and Everett13 noted a close correlation of the rise of this factor with 
fever, consequently the decrease of a-globulin polysaccharide may be connected in this 
ease with the drop in temperature, while the rise in albumin polysaccharide may indicate 
the persistance of a_ proliferative process. The sedimentation rate continued elevated, 
with an average corrected reading of 30 mm. per hour. A roentgenogram of the thorax 
was reported entirely normal. <A series of eighteen electrocardiograms recorded during 
hospitalization showed an abnormally prolonged P-R interval until the thirteenth day after 
start of cortisone therapy and transitory T-wave negativity for six days longer. The 


last nine electrocardiograms were reported as being within normal limits. 
DISCUSSION 
Data presented here indicate a close correlation between serum polysac- 
charide factors, and the clinical improvement of rheumatic fever patients under 


cortisone therapy. Whenever the patients improved clinically, the polysac- 
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charide components decreased. Conversely, when symptoms recurred these 
components rose again. At the present time, it is not possible to ascribe the 
effeets obtained definitely to recovery from disease or to administration of 
cortisone itself. However, administration of cortisone to a few normal dogs 
failed to alter materially any of the polysaccharide components. Work to elarify 
this question is currently under way. Previous evidence that the albumin poly- 
saccharide may be correlated with tissue proliferation’ and the findings of Plotz, 
Howes, Meyer, Blunt, Lattes, and Ragan,'® Spain, Molomut, and Haber,’® and 
Taubenhaus and Amromin,'? indicating that cortisone will inhibit connective 
tissue formation are indeed suggestive. The discovery of Layton’ that cortisone 
will inhibit the synthesis of chrondroitin sulfurie acid in vitro leads one to the 
interesting postulation that the effect of cortisone on joint symptoms may be 
due to its inhibition of chrondroitin sulfate synthesis and the consequent in- 
hibition of connective tissue proliferation. The increase of albumin polysae- 
charide may be a reflection of the increased formation of connective tissue in 
rheumatic fever. 

An elevation of a-globulin polysaccharide has been shown to occur in 
experimental animals whenever a temperature elevation occurs.’ Some of the 
elevation found in rheumatie fever is doubtlessly due to the fever whieh oeceurs 
in the disease. This was further indicated by the faet that the a-globulin poly- 
saccharide fell in two cases (for example, Fig. +), in whom fever fell after the 
administration of cortisone, but in'‘whom joint symptoms persisted for some time 
and in whom the albumin polysaccharide level became more elevated after the 
start of therapy. 

The apparently close correlation of the polysaccharide levels and the heat 
coagulation test may not necessarily be fortuitous as the presence of abnormal 
amounts of polysaccharide-rich serum protein probably inhibits coagulation of 
protein by heat. Seromuecoid is not heat coagulable and similar carbohydrate 
proteins may have the same property. Likewise, the close correlation which was 
found in some eases between polysaccharide levels and sedimentation rate may 
not be purely coincidental as Meyer, Hahnel, and Feiner’* have shown that 
hvaluronie acid will cause a great increase in sedimentation rate in vitro and 
in vivo. It is possible that other polysaccharides may also have this property. 
Needless to say, other factors also influence the sedimentation rate. 

Changes in the albumin percentage as determined by the Milne method’? 
seem to be correlated with subjective improvement of the rheumatie fever pa- 
tient. As the albumin fractionated by the Howe method contains most of the 
a-globulin, the albumin/globulin ratio obtained by the Howe method is a much 
worer indication of the status of the patient. The Milne method might be 
referable to the Howe method for studies on rheumatic fever cases. 


SUMMARY 


A preliminary study was made of alterations of the serum polysaccharides 
nd other serum factors occurring in five rheumatie fever patients under treat- 
lent with cortisone. The serum nonglucosamine polysaccharide, glucosamine 
olysaecharide, albumin polysaccharide, a-globulin polysaccharide and serum 











382 SHETLAR, SCHMIDT, LINCOLN, DE VORE, BULLOCK, AND HELLBAUM 


heat coagulation values were all found to be greatly elevated prior to therapy, 
while the albumin percentage and albumin/globulin ratios were lowered. Fol- 
lowing treatment with cortisone, subjective clinical improvement was promptly 
followed by decreases in the serum nonglucosamine and glucosamine polysac- 
charides, albumin polysaccharide, a-globulin polysaccharide and serum heat 
coagulation values and by increases in albumin and in the albumin/globulin 
ratio. Recurrence of rheumatic fever after cessation of treatment occurred in 
two cases and was accompanied by a return of the serum factors to the 
original state. 


heat coagulation values and albumin percentages may be valuable aids in the 
evaluation of rheumatic fever patients. 
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It appears that the studies of the serum polysaccharide components, serum 
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STUDIES OF THE CORTISONE EFFECTS ON THE 
INFLAMMATORY RESPONSE 


I. ALTERATIONS OF THE HISTOPATHOLOGY OF CHEMICALLY INDUCED INFLAMMATION 


Davip M. Sparx, M.D... Norman Motomut, Pu.D.. AND ALVIN HaBeEr, B.S. 
VALHALLA, N. Y., AND BROOKLYN, N. Y. 


Hii widespread therapeutic use of cortisone and ACTH, with their beneficial 

effects on specific conditions such as rheumatoid arthritis has led to in- 
stances of adverse effects on patients attending their use. Some such adverse 
effects are: activation of peptie uleer;’? perforation of intestine ;° unexpected 
rapid deeubitus uleer development ;! masked peritonitis ;° delay in abscess heal- 
ing;" and the development or enhancement of active pulmonary tuberculosis.“ 
In various experimental animals cortisone and ‘or ACTH have altered the host’s 
response to allergie,’’ bacterial.!! viral,’? and chemieal agents.'® These are all to 
some extent manifestations of both altered inflammatory and repair mechanisms. 
It is the purpose of this study to investigate alterations produced by cortisone 
in the histopathology of the inflammatory responses to further elucidate the 
mechanisms involved in the prior sited adverse effects. 


MATERIALS AND METHODS 


Mice used were of the Swiss albino strain, equally divided as to sex, approximately three 
months of age, weighing 20 to 25 Gm., and controlled for freedom from enterie, respiratory, 
and Bartonella infection. A standard diet of vitamin and mineral fortified grains in the 
form of checkers was med ad libitum, as was water. After turpentine injection each mouse 
was housed individually to avoid the possibility of injury to injection site. At sacrifice the 
entire suprasternal area was excised, including the muscle layers and formalin fixed. Repre 
sentative sections were cut and routinely stained with hematoxylin and eosin and fibrin stain, 
where indicated. A minimum of three sections were made of each inflammation site. 

In order to determine the optimal turpentine dose, three groups of twenty mice each 


were injected subcutaneously over the sternum with 0.1 mL, 0.05 ml., and 0.025 ml., respec 





tively, of steam-distilled turpentine. Animals from each group were sacrificed at three, six, 
n welve hours, and one, two, three, four, five, six, seven, and fourteen days. Following histologic 
" xamination of the above inflammation sites it was decided that the optimal dose was 0.025 
). l. The procedure as outlined in Table IT was then performed (see Table 1). 
The effect of cortisone pretreatment on the response to 0.1 ml. of turpentine was de 
I ‘rmined on five mice pretreated with 1 mg. of cortisone daily for three days. These mice 
ere then sacrificed twenty-four hours following 0.1 mg. turpentine injection, and the inflam 
. ation sites were sectioned. 
| The reaction of the exudate was determined by injecting ten mice with 0.025 ml. turpen- 
e, ne at multiple sites over the sternum. At the end of twenty-four hours, three days, and six 


ys, these inflammation sites were aspirated and the pH determined. 


From the Department of Laboratories and Research, Westchester County, Valhalla, N. Y., 
{ the Waldemar Medical Research Foundation, Brooklyn, N. Y. 

This investigation was supported by a research grant from the National Institute of 
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RESULTS 


In the Group 2 mice the following was noted as compared with Group 1 
(see Table 1). In the three-, six-, and twelve-hour period: the edema was less 
intense and less well localized; the leukocytic zone (both polymorphonuclear 
leukocytes and mononuclear cells) was scant and practically nil until the twelve- 
hour sections; margination was delayed and seant even at the twelfth hour; 


capillary hyperemia was almost entirely absent; fibrin was scant (see Figs, 1 
and 2) 

In the one-. two-, three-, four-, and five-day sections, the same eeneral SUp- 
pression of all elements of the inflammatory process continued. Whereas the 
leukoeytie zone in the Group 1 mice was dense, well formed, and complete, in 


the Group 2 mice it was sparse, poorly defined, and incomplete, with areas of 
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Fig. 1. Fig. 2 
Fig. 1.—Tweilve-hour control inflammation site with a prominent leukocytic zone (a 
capillary hypermia, margination (b), fibrin (c), and edema. (H&E & 350.) 
Fig. 2.—Twelve-hour cortisone-treated inflammation site with a sparse and incomplet 
leukocytic zone (a), insignificant margination, and scant hyperemia (b). In the center be 


tween the leukocytic zones is a small amount of fibrin (c). (H&E 350.) 

















CORTISONE EFFECTS ON INFLAMMATORY RESPONSE 38) 


complete absence. In the Group 2 mice fibrin remained scant. The perileuko- 
eytie zone in Group 1 contained considerable fibrin, numerous mononuclear cells, 
and prominent fibroblastic proliferation, while the Group 2 treated animals 
showed almost no fibrin in the perileukoeytie zone, with occasional mononuclear 
cells and an insignificant degree of fibroblastie proliferation. Necrosis was 
prominent in the leukoeytic zone of the Group 1 and negligible in the Group 2 
mice (see Figs. 3 and 4). 

In the seventh day the zones of inflammation in Group 1 were composed 
of well-defined abscesses, with intact and = well-formed granulation tissue 
capsules. Considerable liquefaction necrosis of the cells in the exudate was 
present. The lesions were well defined from the adjacent muscle and only 


occasional foeal collections of leukoevtes were present in the musele layer. In 









Fig. 3. Fig. 4 
Fig. 3.—Forty-eight hour control inflammation site with a dense leukocytic zone with 
juefaction necrosis at its inner aspects (a). At the periphery there are mononuclear cells 
nd some fibroblasts (d). (H&E 350.) 


Fig. 4.—Forty-eight hour cortisone inflammation site with an incomplete and sparse leuko- 
tic zone (a). No fibroblasts are seen at the periphery (d) and there is extension of the pro- 
SS into the adjacent muscle (d’). (H&E 350.) 
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TABLE IT.) INDICATING TREATMENT AND TIMI S IFICH Varrous Grourps or MIct 
THAT HAp BEEN INJECTED SUBCUTANI S VITH ML. OF TURPENTINE 
Or INDICATED INTERVALS 
roTaA rr P INJECTION 
GROUP CORTISONE oO. Z 59 7 14 
NO. DOSAGE MIC] iH DA DAYS DAYS DAYS!) DAYS) DAYS 
1 none * 7 7 “g i 7 1) 
“4 1] meg. daily for D5 5 ) <4 5 ) 5 ) 5 5 10 
three days prior 
to turpentine 
and daily until 
sacrifice 
1 mg. daily three fi () ( ( ( 10 1 10 10 


days after tur 
pentine until 


sacrifice 


(Giroup 2 there were poorly defined areas of inflammation with some liquefaction 
necrosis of the cells of the exudate. The areas of inflammation were incompletely 
walled off from the adjacent tissue. Numerous and diffuse toei of scant intlam- 
matory cells extended deeply into the adjacent muscle with beginning necrosis 
of muscle fibers. 

On the fourteenth day Group 1 showed considerable abscess Cavity con- 
traction, few viable leukocytes, and a dense zone of granulation tissue while the 
adjacent muscle tissue was only occasionally and insignificantly involved. In 
Group 2, although considerable 


resolution was present, there were relatively 


more viable leukocytes and no definite granulation tissue eapsules. Areas of 
muscle necrosis were present even in the absence of significant leukoeytie infil- 
tration. In some respects these latter sections resembled the picture of inflam 
mation seen in patients with agranulocytosis (see Figs. 5 and 6 


1 


In Group 3 the administration ot cortisone modified the reaetion so that 


it tended to approach that seen in Group 2. For example, the leukocytes present 


on the third dav just prior to cortisone injection became necrotie, and Very few 
new leukocytes appeared. The fourteen-day sections showed a picture some 
where in between the status of Group 1 and Group 2. The muscle layer con 
tained necrosis to a lesser extent than in Group 2. 

The pH of the exudate at twenty-four hours, three days, and six days was 
alkaline. 


DISCUSSION 


The suppression of all elements of the inflammatory response are in gener 
agreement with the reported studies of Menkin,'* Michael and Whorton,’* an 


Dougherty and Schneebell.'° The findings as to the degree of granulation fo! 


1 


mation around the intlammatory site are in agreement with those of Taubenhat 
and Amronin.' 


In one important aspect the findings in this study differ from those « 
Michael and Whorton. 


of tissue necrosis. 


This relates in particular to the question ot the deer 


These observers reported that the ultimate development « 


tissue necrosis was diminished in the cortisone-treated animal. The exa 


duration of time at 


which this observation was made was not clearly stat 
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In this study it was observed that although there was liquefaction necrosis of 
the polymorphonuclear leukoeyvtes, tissue necrosis was greater in the cortisone- 
treated group. The failure to localize the lesion resulted in the formation of 
necrosis in the adjacent muscle. This was present as late as the fourteenth day 
(termination of experiment). It is this finding in particular which may be an 
important factor in the occasional oceurrence of unexplained intestinal perfo- 
ration that has been reported to occur while the patient is under cortisone 
therapy. It may also account for the apparent reactivation of peptie ulcers. 
Moon and Tershakobee,'® in preliminary studies on rabbits, failed to observe 
any cortisone suppression of the degree of inflammatory hyperemia edema, and 
leukoeytie infiltration. However, Menkin'’ states that the explanation for this 
might be that cortisone will not suppress if the inflammatory exudate is at an 
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Fig. 5 Ex. 6 
Fig. 5.—Fourteen-day control inflammation site with intact muscle below (f) and well- 
rmed granulation tissue zone above (e). (H&E 350.) 

Fig. 6.—Fourteen-day cortisone-treated inflammation site with nercosis of muscle and 
ikoecytic infiltration below (f). There is some edema fluid and fibrin but no granulation 


ssue (e). (H&E 350.) 
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acid level but that ACTH will. According to him, cortisone will suppress if 
the exudate is alkaline. The post-turpentine inflammatory exudate in this study 
was alkaline at least through the sixth day. This would be in keeping with 
Menkin’s' observation that in an alkaline exudate cortisone prevents the leu- 
kotaxine from inereasing capillary permeability. In a previous study,'* sup- 
pression of turpentine-induced inflammation by cortisone was not observed. 
Further investigation indicates that in this previous study the turpentine dose 
Was so great that the inflammatory response elicited was large enough to mask 
any cortisone suppressing effect 

The mechanism for adrenal corticosteroid suppression of inflammation. is 
not entirely settled. Menkin'® believes that interference with eapillary perme- 
ability by inhibition of leukotoxin and exudin is of primary importance. This 
action may be mediated systemically or locally.’ A cortisone-induced drop in 
the level of circulating fibrinogen may be a factor in the secant amount of fibrin 
seen at the inflammation site.*’. The effectiveness of the loeal inflammatory 
process is further interfered with by the decrease in the phagoeytosing power 
of the polymorphonuclear leukocytes under the influence of cortisone.*! 

The combination of all these effeets is probably not only responsible for 
many of the adverse events but the necrosis found in the later stages of acute 
inflammation may be the explanation for the so-called ** rebound phenomenon ”’ 
seen in postcortisone-treated patients with rheumatoid arthritis. 


SUMMARY 


Cortisone delays and suppresses all morphologic elements of chemically in- 
dueed acute inflammation in mice. 

Diffuse tissue necrosis at the inflammation site is present in the fourteenth 
day of inflammation in the cortisone-treated animals. This was not seen in the 
control animals. 

The suppression of inflammation, the defective granulation tissue response, 
and in particular the presence of necrosis late in the acute inflammatory period 
are probably important mechanisms for many of the adverse effeets seen with 

cortisone therapy. 
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PLASMA AND RED CELL CATALASE IN RHEUMATOID ARTHRITIS 


M. R. Jerrrey, M.B., M.R.C.P. 
BatH, ENGLAND 


YPOCHROMIC anemia is frequent in patients afflicted with rheumatoid 
arthritis. Inadequate hemoglobin production appears to be a most im- 
portant factor in anemia of this type, and is associated with disordered iron 
metabolism (Nilsson, 1948; personal observations). It seemed of interest to 
investigate whether the activity and, therefore, possibly the production of the 
enzyme catalase, structurally a close relative of hemoglobin, was altered in the 


plasma or red cells of cases of rheumatoid arthritis. 


MATERIAL AND METHODS 


Fifty cases (20 male and 30 female) of active rheumatoid arthritis, free from any 
other disease liable to affect hemopoiesis, were investigated. Blood was taken between 
9 and 10 A.M., the patients having remained at rest in bed after an overnight fast. 

The activity of each patient’s disease was classified clinically as slightly, moderately, 


or very active, according to the re¢ent progress of the disease, the degree of weight loss and 
asthenia, and the evidence of active joint inflammation. 

The following methods were used: catalase activity-—Dille and Watkins (1949); hemo 
globin—alkaline hematin, comparing photometrically with Gibson-Harrison artificial standard ; 


serum iron—Kitzes, Elvehjem, and Schuette (1944 


RESULTS 

1. Plasma Catalase. 

(a) Controls: Seven subjects (three normal, one with osteoarthritis, one 
with prolapsed dise, and two with fibrositis with iron deficiency anemia) gave 
results in the range 4.9 to 8.6, with a mean of 7.1 units. Dille and Watkins 
found a normal range of 4.2 to 9.2, with a mean of 6.9 units. 

(bh) Rheumatoid arthritis: The followine values were obtained: 

Men Range 3.3 to 13.1. Mean 6.5 units. S.D. 2.7 
Women Range 3.3 to 14.7. Mean 7.0 units. S.D. 2.7 


All cases Mean 6.8 


The values were outside the normal range of Dille and Watkins in fifteen 
of the fifty cases, eight being low and seven high. The eases with abnormal 
values showed no particular features as regards age, sex, duration or aetivity of 
disease, or other elinical manifestations. The mean hemoglobin value of the 
“low catalase” group was 11.7, and of the “high” group was 13.0, the mean of 
the whole series being 11.6 Gm. per 100 milliliters. 

Seatter diagrams (omitted to save space) show no correlation between 
plasma catalase and either age, duration of disease, hemoglobin level, or serum 
iron value. In the figures of Table I, no correlation is evident between plasma 


catalase and activity of the rheumatoid disease. 
From the South-west and Oxford Regional Rheumatism Research Unit, Royal Nationa 
Hospital for Rheumatic Diseases. 
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TABLE I 
2 oe . 
ACTIVITY GROUP M. F. M. F. M. F. 
Mean | Plasma 4.8 7.0 6.9 7.0 6.6 | 8.4 
catalase 
activity Cells 99,1 96.2 98.0 97.6 99,5 } 100 
No. of cases 4 10 15 | 19 l 1 
Mear " 5 | aie 
fean Plasma 6.4 6.95 ‘po 
catalase 
activity 


both sexes | Cells 97.0 97.8 | 99.8 


2. Red Cell Catalase.- 

(a) Controls: Dille and Watkins did not quote their figures for normal 
values; using a 1:500 dilution of packed red cells and following their technique 
exactly, our controls gave values ranging between &5 and 104 units with a mean 
ot 95.2 


(b) Rheumatoid Arthritis: The following values were obtained: 


Men Range SS to 104. Mean 98.3 units. S.D. 4.3 
Women Range 85.5 to 108. Mean 97.2 units. S.D. 5.1 
All cases Mean 97.7 units. 


The figures from the rheumatoid cases were thus very similar, both in 
range and in their mean value, to those of the controls. No correlation existed 
between the catalase activity and the hemoglobin content of the red cells. 
Catalase activity was in fact uninfluenced by the frequently lowered hemo- 
globin content of the cells. Activity of the rheumatoid disease did not appear 
to influence cell catalase activity (Table I); age, sex, duration of disease, and 


serum iron value were also unrelated. 
COMMENT 


The method of Dille and Watkins, employed here, estimates catalase ac- 
tivity in terms of iodine liberated from potassium iodide by oxygen resulting 
from the enzymatie breakdown of hydrogen peroxide in buffered solution; the 
results are expressed in arbitrary units. These authors have given evidence 
that the method does in fact estimate the activity of catalase and not of other 
enzymes, 

The catalase content of red cells is vastly greater than that of plasma and 
it is therefore difficult to prove that the observed plasma catalase activity is 
not in fact due to liberation of red cell catalase by slight damage to cells dur- 


ing the drawing of blood. Certainly the degree of hemolysis caused by draw- 


ing air bubbles into the syringe while taking blood or by any “squirting” 
during transfer of blood from syringe to tube is enough to raise the plasma 
catalase outside the normal range. Nevertheless, normal values lie within a 
small range (Dille and Watkins, loc. cit.; Perlmann and Lipmann, 1946) and 
individuals tend to exhibit fairly constant day-to-day values. It seems that, 
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in normal people, plasma or serum catalase activity may well result) from 
liberation of the enzyme during the normal processes of destruction of aged 
red cells. 

(a) Plasma Catalase.—In the eases of rheumatoid arthritis studied here, 
the mean value was almost identical with that of Dille and Watkins’ normal 
subjects, although the range was rather greater in the arthritie eases. This 
observation, coupled with the lack of correlation between plasma catalase 
values and either disease activity, hemoglobin level, or other factors, indicates 
that the plasma catalase is essentially unaltered in rheumatoid arthritis. 

(b) Red Cell Catalase.—The range and mean values for red cell catalase 
in the rheumatoid cases were very close to those of the control subjects. No 
correlation was apparent between catalase values and either the duration or 
activity of disease, the hemoglobin content of the red cells, or the serum iron 
concentration. It is of interest that the catalase value was not reduced in the 
presence of marked reduction in the corpuscular hemoglobin. There is no 
evidence, therefore, of parallel disturbances in hemoglobin and catalase pro- 
duction. 

SUMMARY 


Plasma and red cell catalase has been estimated in fifty cases of active 
rheumatoid arthritis. 

Essentially normal values were discovered both in anemie and nonanemic 
Cases. 

My thanks are due to Dr, G, D. WKersley, Director of the South-west and Oxford Regional 


Rheumatism Research Unit, Bath, for permission to investigate patients under his care. 
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ELECTROLYTE CHANGES PRODUCED BY ACTH, CORTISONE, 
AND DOCA IN CIRRITOSIS OF THE LIVER 


WituiaMm IL. Buanp, M.D., Witttam S. Apams, M.D., ALAN LeEsuLiz, M.D., 
RALPH GOLDMAN, M.D., AND SamMvuEL II. Basserr, M.D. 
Los ANGELES, CALIF. 
WITH THE TECHNICAL ASSISTANCE OF TOMOKO FUKUI 


I} mechanism of formation of ascites and edema in portal cirrhosis of the 

liver has been a subject of discussion for many years. In general, four 
main mechanisms have been advanced to explain the accumulation of fluid in 
this disease: (1) portal hypertension, (2) reduced osmotie pressure of the 
blood plasma, (3) increased secretion or decreased destruction of an antidin- 
retic hormone, and (4) sodium retention. None of these concepts alone affords 
a completely adequate explanation of the clinical picture. Although the av- 
thors believe that the first three hypotheses play important roles in the produe- 
tion of ascites, no attempt will be made to evaluate them in this paper. Rather, 
emphasis will be placed on the exchange of sodium in cirrhosis, the effect of 
certain steroids which appear to influence sodium metabolism, and the possible 
relationship of sodium exchange to adrenal cortical activity. 


METHOD 


Six patients, with advanced hepatic cirrhosis and ascites as evidenced by history, 
physical examination, liver function tests (see Table 1), and liver biopsy, and three normal 
individuals were selected for detailed study on the metabolism ward. During the period of 
observation all subjects received an 800 mg. sodium diet.* Fluid intake was restricted to a 
total of 1,500 ml. daily. Twenty-four hour collections of urine were analyzed daily for 
sodium and potassium, using the Beckman flame photometer. The twenty-four hour neutral 
lipid-soluble reducing substances of the urine (11-oxysteroid excretion) of five of the pa 
tients were determined.1 Frequent determinations of blood sodium, potassium, and plasma 
proteins were made during the course of study. These particular data are not inclided, 
however, since they showed no significanct fluctuation. Sweat tests? were performed on 
all subjects during the first five davs of each week, and sweat samples were analyzed for 
sodium and potassium. 

Each subject received the following substances by intramuscular injection in in- 
dividual ten-day courses: desoxyecorticosterone acetate (DOCA), 25 mg.; 17 hydroxy, 11 
dehydrocorticosterone (cortisone), 200 mg.; cortisone, 200 mg., and DOCA, 25 mg.; and 
adrenocorticotrophie hormone (ACTH), 100 mg. Between courses of injections there were 
intervals of not less than ten days. Case 4 (Fig. 4, 4) received a preliminary course of 
DOCA, 10 mg. daily, for a period of twenty-five days. The metabolic effects in this patient 
were inconclusive, consequently larger doses of DOCA were employed during this and sub- 


sequent investigations, 

Reviewed by the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions of the authors are the result of their own 
study and do not necessarily reflect the opinion or policy of the Veterans -\dministration. 

Received for publication, Oct. 15, 1951. 

From the Metabolic Unit, General Medical Research Program, Veterans Administration 
Center, and the Department of Medicine, University of California. 

*By actual analysis, the daily total sodium content of the diet varied from 800 to 1,000 
milligrams. 
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RESULTS 

Four of the patients with cirrhosis and ascites exhibited a definite biochemi- 
cal and clinical response to the administration of DOCA, cortisone, and ACTH. 
The two most advanced cases, however, showed little or no response to these 
substances. 

Effects of DOCA and Cortisone.—Figs. 1 to 4 are charts of the data obtained 
from the study of the four patients who responded to DOCA and cortisone. 
It is readily seen that the administration of DOCA or cortisone resulted in a 
marked decrease in the concentration of sweat sodium and in the amount of 
sodium excreted in the urine. This effect persisted, in most instances, during 
the entire course of administration of the above substances, and was followed 
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Fig. 1.—Case G. C. (Values for sweat and urine electrolytes are expressed as milliequivalents 
per liter.) 


by a prompt and substantial withdrawal diuresis of sodium and water. Case 


(. C. (Fig. 1) differed in one respect from the others in that there appeared to 
an escape from the salt-conserving influence of DOCA and cortisone. This 
vas reflected by a return of the urinary sodium excretion to control levels, 
lespite continuous administration of the test material. Nevertheless, the usual 
rompt withdrawal diuresis of sodium and water was observed. 

Simultaneous Administration of DOCA and Cortisone.—The simultaneous 
dministration of DOCA and cortisone produced a marked diminution in urine 
nd sweat sodium. In three instances (Figs. 1, 3, and 4B) there appeared to 
e a gradual escape from this effect, manifested particularly by a gradual rise 
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in the urine sodium excretion to levels exceeding control values. Following with- 
drawal of DOCA and cortisone a prompt diuresis occurred which appeared to 
be somewhat more pronounced than the one subsequent to separate administra- 
tion of these steroids. 

Effects of ACTH.—In Cases 3 and 4 the administration of ACTH also pro- 
duced a marked diminution of sweat sodium concentration and urine sodium 
excretion which was followed by a marked withdrawal diuresis of urine sodium 
and an increase in sweat sodium concentration (Figs. 3 and 4B). Cases 1 and 


2 (Figs. 1 and 2) exhibited a gradual escape from this salt-retaining effect, with 
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a rise in excretion of urine sodium to higher than control levels. This was fol- 
lowed by a moderate withdrawal diuresis of sodium and a more concentrated 
sweat sodium. It should be noted that the sweat sodium concentration in Case 2 
(Fig. 2) was not significantly affected by ACTH administration. 

Sweat and Urine Potassium.—Sweat potassium remained remarkably con- 
stant during the administration of DOCA, cortisone, and ACTH in both eir- 
rhosis patients and normals. Urine potassium, on the contrary, exhibited con- 
siderable and inconstant variation during the entire period of observation. <A 
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trend was noted in two instances: the withdrawal of cortisone in three eases, 2, 
3, and 4+ (Figs. 2, 3, and 4B), was followed by a moderate potassium diuresis; 
the withdrawal of ACTH in two patients (Cases 3 and 4) and two controls 
(Cases 7 and &) (Figs. 3, 4B, 7, and 8) was associated with the prompt reten- 
tion of potassium, 

Urine and Sweat Volumes.—The variations in urine and sweat volumes dur- 
ing the course of study corresponded to the changes observed in sweat and urine 
sodium. During the administration of DOC A, cortisone, and ACTH the volumes 
of urine and sweat decreased, and upon withdrawal of these medications the vol- 
umes were observed to increase. In some instances, the loss of water appeared to 


exeeed the amount retained during the administration of the above substances. 
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Observations in Far-Advanced Cirrhosis.—Cases 5 and 6 (Figs. 5 and 6), the 
two patients with most advanced disease, differed in several respects from the four 
cases previously described. They maintained a base line urinary sodium excre- 
tion well below their daily intake. In general, there was little or no response to 
steroid or ACTH administration. Instead, a progressive and persistent gain in 
weight occurred which appeared to be accelerated by the administration of ACTH 
1 adrenal cortical substances. The phenomenon of withdrawal diuresis was not 
observed. Both patients ultimately required paracenteses because of the per- 
sistent accumulation of ascitic fluid. Case 6 expired prior to the completion of 
he investigation following a severe hemorrhage from a ruptured esophageal 
varix. Necropsy revealed far-advaneced portal cirrhosis. 
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Fig. 6.—Case R. M 
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Control Studies.—Control studies were performed on three individuals 
(Cases 7, 8, and 9) who were in good health except for stabilized orthopedic 
disabilities (Figs. 7 and 8). The electrolyte and body weight changes during 
steroid and ACTIL administration were very similar to those observed in the 
first four patients, especially Cases 2, 3, and 4. (Figs. 2, 3, and 4.) Case 
(control), in contrast to the preceding control studies, manifested a tendency to 
escape from the influence of cortisone, combined DOCA and cortisone, and 
ACTH, and to develop a gradual sodium diuresis, despite the continuous admin- 
istration of test material (Fig. 8). Ilis response, including the sweat electrolyte 
changes, resembled those seen in Case 1. (Fig. 1.) The alterations in body 
weight in this subject, however, were entirely dissimilar to any previously noted. 
The transient gain in weight, usually associated with the administration of 
steroids and ACTH, was not observed, instead there was a gradual and progres- 


sive loss of weight during the period of observation. 
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DISCUSSION 


Many investigators®** have demonstrated conclusively that sodium retention 
occurs in cirrhosis with ascites. Moreover, it is well known that, regardless of 
the amount or route of administration, practically all sodium is diverted to the 


6 


ascitic fluid and only minute amounts appear in the urine.*:° This retention of 


sodium does not appear to stem from impaired renal function, for Farnsworth 





and Krakusin® and Patek and associates” have obtained normal renal clearance 
values in such patients. In the opinion of Goodyver and co-workers,’ the reten- 
tion is the result of increased tubular reabsorption of sodium whieh, according 


9 


to Faloon and collaborators® and Leaf and Couter,’ is probably regulated by the 
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adrenal cortex. As suggested by Faloon, augmented adrenal cortical activity 
may be responsible for the extreme sodium retention whieh oceurs in advanced 
cirrhosis. 

From the data obtained in this study, it would appear that most patients 
with cirrhosis and ascites respond in a relatively normal fashion to exogenous 
ACTH and certain adrenal cortical “salt-active” substances. Furthermore, both 
the initial concentration of sweat sodium, with a single exception, and the “11- 
oxysteroid excretion” was found to be within the normal range. 
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Fig. 8.—Case 8. 


Although the weight of evidence would seem to support the thesis that 
adrenal cortical funetion is normal in the majority of patients with cirrhosis, the 
possibility of cortical hyperfunction cannot be excluded with certainty, and some 
correlation may exist between the severity of the disease and the secretion of 
adrenal ‘“‘salt-active” substances. In this regard, it seems pertinent that in the 
most severely ill patients (Figs. 5 and 6), the exeretion of sodium in the urine 
was persistently low, and there was little in the way of clinical or biochemical 
response to the administration of ACTH and adrenal steroids. This might be 
interpreted as indicative of a pre-existing maximum effect of “salt-active” steroids 
on the renal tubules. One of these men, Case 6 (Fig. 6), had an initial sweat 
sodium concentration well within the range reported for Cushing’s syndrome,'® 
and the other, Case 5 (Fig. 5), the highest urinary ‘‘11-oxvsteroid’’ value ob- 
tained in the study (Table I). Moreover, the fact that four patients were eapa- 
ble of responding in an essentially normal manner to exogenous steroids and 
ACTH does not necessarily exclude adrenal cortical hyperactivity. Lewis and 
Wilkins"! have shown that individuals with Cushing’s svndrome are capable of 
responding to ACTH in much the same manner as normals, with an increased 
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output of urinary steroids and retention of sodium. The question of whether 
adrenal cortical function is normal or inereased in cirrhosis cannot be decided 
on the basis of the data at hand. 

On the other hand, the possibility of an antagonistic renal effect of cortisone 
and DOCA has been suggested by Forsham and associates.'? They have con- 
firmed the work of Soffer,’ and demonstrated that some individuals with Cush- 
ine’s syndrome are relatively refractory to the salt-retaining action of DOCA, 
whereas patients with Addison’s disease, on maintenance doses of DOCA, under- 
vo a sodium diuresis when cortisone is administered. These authors’? suggest 

that the DOC A-fastness of certain patients with Cushing’s syndrome may 
be due to the blocking action on the renal tubule of an excess of adrenal 
steroids of the 11-, 17-oxysteroid type.” The effect of the simultaneous ad- 
ministration of DOCA and cortisone, observed in this study, was an initial 
sodium retention with a subsequent limited release of urinary sodium. This 
was followed by a prolonged and extensive sodium diuresis, upon abrupt with- 
drawal of the steroids (Figs. 1, 5, 4B, and 8). The interaction of DOCA and 
cortisone is certainly not clear, since initially their combined effeet is comparable 
to the effect of either substance administered individually. Yet, in some in- 
stances, the ensuing withdrawal diuresis is more prolonged than would be 
expected following the individual administration of either steroid. Further- 
more, the limited release of urinary sodium, which occurs during the simul- 
taneous administration of these substances, does not occur, ordinarily, when 
either one of the steroids is used individually. The results obtained in this 


‘ 


study, therefore, suggest that a “competitive renal action” may exist between 
DOCA and cortisone, and that this phenomenon may be observed in cirrhosis 
with ascites as well as in normal individuals. 

The effect of DOCA, cortisone, and ACTH on the majority of the patients 
with cirrhosis was favorable. This was especially true of the latter two hor- 
mones which produced a marked increase in appetite and well-being resulting in 
a significant improvement in nutrition and consequent real weight gain. Four 
patients exhibited a marked sodium diuresis following the cessation of DOCA, 
cortisone, and ACTH. The withdrawal diuresis was sufficiently pronounced in 
several cases to bring about the complete disappearance of all edema and 
ascites. Thorn’ and Eliel’® suggest that this withdrawal phenomenon may be 
the result of a temporary depression of the adrenal or pituitary gland result- 
ing in a state of relative adrenal cortical insufficiency. The possibility of em- 
ploying such salt-active substances as a means of producing diuresis in c¢ir- 
rhosis of the liver with ascites deserves further consideration. 


SUMMARY AND CONCLUSIONS 


1. The effect of ACTH and certain steroids, which appear to influence the 
exchange of sodium and water, were studied in six patients with cirrhosis of 
the liver and three. normal subjects. The relationship of adrenal cortical 
activity to the exchange of sodium was also investigated. 
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2. Four patients with cirrhosis responded in a normal fashion to ACTII 
and adrenal cortical substanees. The concentrations of sweat sodium and 


oe 


urinary “Il-oxysteroid excretion” were within normal range in these cases. 


3. In patients with far-advanced disease, the administration of DOCA, 
cortisone, and ACTH accelerated the development of ascites and edema, 
whereas patients with less advanced disease manifested only transitory salt 
and water retention. 

4. Results obtained from the simultaneous administration of DOCA and 
cortisone suggested the existence of a competitive renal action between these 
substances. 

5. A marked withdrawal diuresis of sodium and water followed the dis- 
continuation of DOCA, cortisone, and ACTH which was sufficiently pronounced 


in several cases to resolve all edema and ascites. 
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THE ESTIMATION OF INSULIN SENSITIVITY* BY THE 
MODIFIED GLUCOSE INSULIN TOLERANCE TEST 





SYDNEY S. Lazarus, M.D., anp Bruno W. VoLxk, M.D. 
BROOKLYN, N. Y. 


IMSWORTH! in 1986 suggested that an insulin-insensitive type of diabetes 


mellitus might exist due not to lack of insulin but rather to ‘lack of an 
unknown factor or condition which renders the body sensitive both to injected 
or pancreatic insulin.”’ The Insulin Tolerance Test (1.T.T.) was found to 
be unsuitable for the detection of this type of diabetes, since the results obtained 
by this method are not comparable except when they are from the same indi- 
vidual, and even then only if the starting blood sugars are approximately the 
same. 


The inadequacy of the IL.T.T. as a test for insulin sensitivity has also been borne out 
by the recent work of Somogyi,2 who observed that when the blood sugar is reduced below 
the fasting level, counter-regulatory mechanisms to the induced hypoglycemia are set in 
motion which influence the rate and extent of the fall of the blood sugar and the time of 
the return to the fasting value. To obviate these difficulties, Himsworth introduced the 
Glucose Insulin Tolerance Test (G.1.T.T.) which consists of the simultaneous administration 
of oral glucose and intravenous insulin. He reported that -this test results in a flat blood 
sugar curve in the normal individual and in a sizeable percentage of diabetie patients 
(‘‘insulin-sensitive type’’), whereas in other diabetic patients (‘‘insulin-insensitive type’’), 
a curve resembling the routine glucose tolerance curve is noted, and he was therefore able 
to divide diabetic patients into two groups. 

An an amplification of the original procedure, Himsworth and Kerr’ utilized the ratio 
of the area included by the glucose insulin tolerance curve to the area included by the glu 
cose tolerance curve, the 1/G ratio, as an index of insulin sensitivity, and thus gave further 
support to the division of diabetic patients into the two groups: insulin sensitive and in 
sulin insensitive. 

This was in contrast to the conciusions of DeWesselow and Griffiths, who used a 
modification of Himsworth’s original technique and could find no sharp division between 
insulin-sensitive and insulin-insensitive types of diabetic patients, but rather a general dis 
tribution of responses similar to that in a normal group of subjects. 

Subsequently, the G.I.T.T. was utilized by Fraser, Albright and Smith® to differentiate 
whether the hyperglycemia unresponsiveness elicited by the Glucose Tolerance Test (G.T.T.) 
in diabetic patients is due to insulin lack or insulin resistance, They concluded that in 
hypoinsulin diabetes the G.1.T.T. will be normal, whereas in diabetes due to hyperadreno 
corticism and hyperpituitarism, a curve similar to the G.T.T. will be found. These authors, 
however, did not consider the role of the liver as a pathogenetic factor in the production 
of insulin-resistant diabetes, as has been suggested by other investigators.6-8 

Recently Kirketerp® utilized the 1/G ratio to restudy the problem of insulin sensitivity 
in diabetic patients. He was unable, however, to divide his patients into two distinct groups, 
since the distribution of the values obtained made it probable that the patients comprised 


a single group. 


_. *The term insulin sensitivity is used in the sense of the effect of insulin on the rate of 
withdrawal of glucose by the tissues from the extracellular fluid compartment, having no 
reference to the depth of decline of the blood sugar level. 

From the Division of Laboratories and the Department of Medicine, Jewish Sanitarium 
and Hospital for Chronic Diseases, Brooklyn, New York. 
Received for publication, Sept. 13, 1951. 
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In a study of the G.IL.T.T. in nondiabetic individuals, we observed that 
six of seventeen had an abnormal pattern, even though there was no other 
clinical or laboratory evidence of an endocrine or metabolic abnormality. The 
apparent lack of specificity of this procedure thus revealed is supported by a 
previous finding’ that in patients with acromegaly and diabetes, the G.I.T.T. 
may be of the type of either insulin sensitivity or insulin resistance, even though 
theoretically only the latter response should be obtained, 

Because of the variability of the results of the Glucose Insulin Tolerance 
Test in the normal individual, and because of the discrepancies of the findings 
regarding the differentiation of the two types of diabetic patients, we have 
attempted to substitute a modification of the G.I.T.T. in which a standard 
dose of glucose is administered intravenously followed thirty minutes later 
by intravenous insulin instead of the simultaneous administration of oral glueose 
and intravenous insulin. The present report embodies experimental data show- 
ing that this method gives a uniform type of response in the normal individual. 
It was hoped that it would therefore be a better method than the original 
procedure for the differentiation of insulin resistance from insulin sensitivity. 


MATERIAL AND METHODS 


The experimental subjects consisted of two groups: (a) forty fasting nondiabetic 
volunteers consisting of hospital employees and laboratory workers, and (2) twenty-four 
fasting hospitalized diabetic patients who had not received any insulin for forty-eight hours 
prior to the test procedures and whose associated clinical conditions are registered in Table I. 
Each of these two groups was subjected to the standard intravenous G.T.T. and the modified 
G.I.T.T. For the G.T.T. 25 Gm. of glucose in 50 per cent solution were injected intra 
venously, Immediately before and at intervals of thirty, sixty, one hundred and twenty, 
and one hundred and eighty minutes after the injection, capillary blood samples were col 
lected for the glucose determinations. 

In carrying out the modified G.I.T.T., 25 Gm. of glucose in 50 per cent solution were 
given intravenously followed after 30 minutes by 0.1 unit of crystalline insulin per kilo- 
gram of body weight intravenously. Capillary blood samples for glucose determinations 
were withdrawn at fasting, and at thirty, fifty, sixty, seventy-five, ninety, one hundred and 
twenty, one hundred and fifty, and one hundred and eighty minutes after the administration 
of glucose. The blood sugar determinations were done by the Nelson modification of the 
Folin-Wu Micro Method.1° 


RESULTS 


The criteria for a normal intravenous G.T.T. were a fasting eapillary blood 
sugar value not higher than 140 me. per cent with a return of the one-hundred 
twenty-minute specimen to or below the fasting value.'' These norms were 
met by all the controls, but by none of the diabetie patients. 

Since in the modified G.I.T.T. all the 40 nondiabetie individuals showed 
a decline of the blood sugar level to fasting value within seventy-five minutes 
after the injection of glucose (forty-five minutes after insulin), this timing is 
taken as the criterion for normaley for this procedure. Fig. 1, A demonstrates 
the mean curve in these individuals as compared to the mean of their Glucose 
Tolerance curve. Of the twenty-four diabetic patients, seven reached the fasting 
level within ninety minutes, four within one hundred twenty minutes, two 
Within one hundred fifty minutes, and one within one hundred eighty minutes. 








406 LAZARUS AND VOLK 

Figure 1, B is an example of the type of G.L.T.T. observed in this group of 
individuals as compared to the G.T.T. All of the remaining ten patients showed 
a decline of the blood sugar to the fasting level within seventy-five minutes. 
Fig. 1, C illustrates the curve obtained in one of these patients as compared with 
that of the G.T.T. 
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Fig. 1.—A comparison of the mean normal response (forty individuals) to the G.T.T. 
and modified G.I.T.T. with the responses of an insulin-sensitive and an_ insulin-insensitive 
diabetic patient 


In an attempt to develop a more exact mathematical statement for insulin 
sensitivity or resistance, the rate of decline of the blood sugar level was ealeulated 
for the thirty-minute period after the injection of insulin. In the forty non- 
diabetic individuals, the mean rate of decline of the blood sugar for this period 
was found to be 3.8 mg. per 100 ml. per minute, with a standard deviation of 
0.7 mg. per 100 ml. per minute. Fig. 2 demonstrates the distribution of the 
rates of decline of the blood sugar level of the control individuals as compared 


to the diabetic patients. The slowest rate of decline in the nondiabetie persons 
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was 2.4 mg. per 100 ml. per minute, and the fastest 5.7 mg. per 100 ml. per 
minute. The rate of decline in seventeen of the diabetic patients (71 per cent) 
fell within the normal range. The remaining 7 (29 per cent) had a rate ot 
decline of the blood sugar varying from 1.3 to 1.9 mg. per 100 ml. per minute. 
A comparison of the height of the fasting or thirty-minute blood sugar level 
with the rate of decline did not show any correlation. 
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Fig. 2.—Diagram showing the percentage distribution of the rate of decline of the blood 
anna a CC 

When the ratio of the thirty-minute blood sugar level of the modified 
(i.1.T.T. to the rate of decline was ealeulated a figure was obtained which we 
have termed the ‘‘sensitivity factor,’’ and which shows with two exceptions 
(Patients 13 and 21) a general correlation with the patients’ daily insulin 
requirement (Table I). The reasons for the diserepaney in these two cases 
are not understood. 

DISCUSSION 

The objection to Himsworth’s G.I.T.T. for the detection of insulin sen- 
sitivity, namely, that normal individuals do not give a homogeneous pattern of 
response, seems to have been overcome by the use of the modified procedure. 
lwo factors may account for this advantage: (1) the intravenous administration 
f both the glucose and insulin eliminates aberrations due to differing rates of 
ntestinal absorption of glucose, and (2) the body mechanisms for hyperglycemia 
‘esponsiveness which are stimulated by the administration of glucose are set 
n motion before the insulin is injected, so that the added insulin acts in con- 
unction with these mechanisms, 





VOLKIK 


AND 


S. 
= 
-_ 
N 
“ 


I 
) (AdVHD ) 
Sa.Ladv id 
10 (1 
ALIMAAAS NIIISNI 
\liva 


da Wyosddd 


SVAA 


‘LL 


ATI 


OHM 


oat 


stp 


JAR 


Uda} 


Udo 


Stl IXO 
oll Ss, uc 
CTI Sip 
YVODUS 


qdoold 


ONLLS Va 


NALLVd 


WdaPIEM, OF Fulpsoooe | 1E)§ 

‘AUIpPVap JO BzPBA/ [IA] aeans poolq ‘ulul AVIIYyLt 
‘aynulut Jad suaz TTI OOT ded “sui ups 

‘SUdPT UL OOT tod “sur uy. 


SISOLd] OS dd} LB peZi[ Bloor) 
SISOLO[OSOLL 
‘UN}dW JO BUOTTOIB,) 
Sis epsorydau ‘asBe 
aAtsua}tod AY AOL OSOLII LY 
WSTUOSULYAB| atytpeydaoueysod 


OSBOS p 


2 poz] 


}AROY 


q ol wine 


SIsOdd]> 3 poZt[ blo 

‘ostostp OAISI ood AY 

1d,1v PoZILB1oUds) 
ISBAOTP IB) OATS 

lod ay L1dJUB - PAZI[BLVUd4t) 

LULaY *SISOLO[DSOLLO JIB POZI[B1IUdF) 
MOIPSOLLIPAB PoeZi[B..e 

‘asRosl IB) dAtsue}loda Y 


“SISOJO[ OS 


ted) SISOOLXOJO Vy} ‘esBestp IBpno 

» OAISUOPOdAY OLOLOPOSOMO LY ; rz 
°( GZS Wn A ) SISO0 

VPSOLld}IB — PoZI[B4dUd4) ‘ 19 

Joopn [Bueponp ‘asRostp 

PoZt[Bs1oudt) ad Sc 

asve 

NL PLY W OS 

Xs 


JOANYY 


“SIS( 


SULYAR] “SISO1dDSOLLI AB 


}ABOY dAtsud}dod Al MOL]: 


SNOLLIGNOO ‘IVOINTIO GaLVIOOSSYV ADV 


AVIQ YAOd-ALNUM TL NO VVC ‘T ATdV EL 


I 


LNALLVd 





SENSITIVITY 


rg 
T. 
Za 


OF 


ESTIMATION 


SAS SNOAJIU [BIJUdD FO SISOLdOS ASN AL 


SISOLOP SOLOW PoZzIPBleues 
‘OSVOSIP AB[NOSBAOIPABD VAISUa ed AT] 


AJAX IBMOT JJoT JO ouoss 
UBS JOM ‘OSBASIP JABOL OO. SOLIIIAV\ 
Ad RIVYOSAAYO 


1oyye suuedey yy SUMYWB prloywuNosyy 


AY UU9A14Xx9 JIMOL JUS JO ouels 
uRS JOM ‘OSBOSTP JABOY IOALOTOSOLLa Ly 


OSB 
SIP Javoy VsAIsUed}Iod AY MLOLIP SOLOW 


SISOLd[ 08 
ISBISTP JIBdY ILOILO Os 


orydeou 


Ud} 
sAs SNOAJOU [B4jUd) JO SISOlopPOS OSNIC] 

syiydas 
}Ud}BL ‘StISOdeposorydoeu ‘osBestp epno 
SBAOIPAB) OAISUO pod AY 














LAZARUS AND VOLK 





It is suggested that the criterion for normal insulin sensitivity using the 
modified G.I.T.T. be a return of the blood sugar to the fasting level within 
seventy-five minutes after the glucose administration. This was observed in 
ten (40 per cent) of the diabetie patients. A return of the blood sugar to 
the fasting level within seventy-five to ninety minutes as noted in seven (30 
per cent) is considered to be an equivocal response. The failure of the blood 
sugar to return to the fasting value until ninety minutes or longer is interpreted 
to be evidence of a decreased sensitivity of the individual to the blood sugar 
lowering activity of insulin. The remaining seven (30 per cent) of the diabetic 
patients would fall into this category. 

The nadir of the blood sugar level is not considered to be significant for 
insulin sensitivity, since it is a reflection of the point at which the body counter- 
regulatory mechanisms to the falling blood sugar level become effective. 

As previously indicated, the degree of insulin sensitivity can be stated 
mathematically as the rate of decline of the blood sugar concentration expressed 
in milligrams per 100 ml. per minute calculated for the period of thirty minutes 
after the insulin injection. This time interval was utilized since the nondiabetic 
individual showed a constant rate of decline for this period, and at its end 
the blood sugar level was not low enough to stimulate counter-regulation. 

The rates of decline for the nondiabetic individuals are normally distributed, 
whereas the diabetic patients show a nonhomogeneous distribution suggestive of 
two groups (Fig. 2). The group of seven patients (29 per cent) showing values 
of 2.0 mg. per 100 ml. per minute or less are considered to be insulin insensitive, 
while the 13 (54 per cent) showing a rate of decline of greater than 2.5 mg. 
per 100 ml. per minute are interpreted as having normal insulin sensitivity. 
Since only two (5 per cent) normal individuals had rates of decline of 2.0 to 
2.5 mg. per 100 ml. per minute, these values may be considered equivocal as 
to insulin sensitivity, and the four (17 per cent) diabetic patients who fell 
into this range cannot be assigned to either group. 

Using the two different criteria for insulin sensitivitv—namely, the time 
interval for return of the blood sugar to the fasting level and the rate of 
decline of the blood sugar—a discrepancy in the results becomes apparent. 
With the latter criterion only four cases are considered to be equivocal while 
with the former, seven cases have to be considered in this group. It is believed, 
therefore, that the rate of decline of the blood sugar is a more exact method 
for the differentiation of insulin sensitivity from insulin insensitivity. 

The associated clinical conditions as a whole did not seem to be connected 
with the rate of decline of the blood sugar level, both groups having primaril) 
degenerative vascular disorders (Table I). In five patients, however, the con 
comitant diseases appeared to be factors in the type of response obtained. One 
of the two patients with wet gangrene ot the lower extremity had a definitel) 
impaired sensitivity with a rate of decline of 1.84 mg. per minute; the othe: 
had an equivocal response of 2.17 mg. per minute. This lowered insulin sen 
sitivity in the two diabetie patients of our series with infection is in accor 
with general clinical experience. However, contrary to expectation, the tw: 
patients with hyperthyroidism showed normal insulin sensitivity. The clinica 
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insulin resistance of patients with hyperthyroidism and diabetes might be 
explained by the fact that increase in thyroid function increases the rate of 
intestinal absorption of glucose, thus aggravating the diabetes, even though the 
rate of peripheral glucose utilization will also tend to be increased by the 
elevation of thyroid funetion.’? The patient with hepatitis after chrysotherap) 
which antedated the onset of diabetes showed a markedly diminished insulin 
sensitivity which may be explained as a failure of the liver to respond rapidly 
to added insulin by reducing its glucose output. 

It would have been of interest to be able to study the rate of decline in 
diabetic patients with pituitary or adrenal hyperfunction or deficiency; how- 
ever, these were not available. 

As an incidental finding in this study, it was noted in several nondiabetic 
individuals that the blood sugar dropped to 18 to 25 me. per cent, which is 
helow the level generally considered to be critical for the development of a 
hvpoglveemie reaction’® without their showing any of the symptomatology or 
only very minor symptoms of hypoglycemia. This would be in keeping with a 
previous hypothesis that the onset of a hypoglycemic reaction may be determined 
by the concentration of glucose in the tissues rather than in the blood." 

It may seem, theoretically, that the difference between the rate of decline 
of the blood sugar level for this thirty-minute interval of the G.T.T. and that 
of the modified G.I.T.T. would be a more accurate index of insulin sensitivity 
than the rate of decline in the modified G.I.T.T. alone. However, as evidenced 
by a comparison of Figs. 1A and 1C, the difference between the rate of decline of 
the blood sugar level in the G.T.T. and modified G.I.T.T. for this period is 
frequently less in normal individuals than that observed in some diabetie pa- 
tients. This would imply that these diabetic individuals have a greater insulin 
sensitivity than the normal individual which is not borne out by the rate of 
decline of the blood sugar level as observed in the modified G.I.T.T. alone. 

The question may also be raised as to whether the degree of insulin sen- 
sitivity of an individual as obtained with the modified G.I.T.T. is predicated 
on the particular dosage of insulin used. This objection is, however, on theo- 
retical grounds not probable, since it has been shown that the effect of insulin 
on the blood sugar level is not a stoichiometric relationship. It has been 
demonstrated, for example, that 6 units of insulin injected intravenously in 
a normal individual increased the rate of decline of the blood sugar level only 
very minutely over the rate of decline after 3 units of insulin.2 The explanation 
for this phenomenon is that the rate of entry of glucose into the tissues and 
liver probably approaches a maximum, even with small insulin doses. 

It is interesting in this connection to note that if the mean rate of glucose 
decline for the normal individual under the influence of insulin is reecaleulated 
in terms of the rate of disappearance of glucose from the blood stream, assuming 
. 70 kilogram individual with an extracellular fluid compartment of 14 liters, 
i value of 480 mg. per kilogram per hour is obtained, which corresponds quite 
vell with the values obtained by Soskin and Levine’’ in the dog for the maximal 
‘ate of glucose uptake by the peripheral tissues, i.e., 550 mg. per kilogram per 
our. This would seem to indicate that for the thirty-minute period of the 
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modified G.I.T.T. utilized, the chief site of glucose assimilation is the peripheral 
tissue rather than the liver. This is further supported by the work of Bondy 


and associates'® who demonstrated that although the glucose output from the 
liver starts to decline almost immediately after insulin administration, the liver 
does not start to take up glucose for approximately forty-five minutes. 

On the other hand, the use of large nonphysiologic doses of insulin in this 
procedure would probably overwhelm the mechanisms involved and thus blur 
the significance of the results as to the sensitivity of the individual patient. 

The rate of decline of the blood sugar level from the thirty- to sixty-minute 
specimens of the modified G.I.T.T. is therefore a figure which is an indicator 
for the rate of disappearance of glucose from the extracellular compartment 
in the presence of insulin, and is thus a measure of insulin sensitivity. The 
diabetic patients who show a rate of decline of the blood sugar after insulin 
less than that observed in the normal are considered to be insulin insensitive 
in the true sense of the word, i.e., the rate of glucose disappearance from the 
blood stream under the influence of a standard insulin dose is less than that 
of a normal person. These patients may have excess insulin antagonistie fac- 
tors which interfere with the effectiveness of insulin in increasing peripheral! 
glucose assimilation or with the aetion of insulin in inhibiting the hepatic re- 
lease of glucose. Or they may have an intrinsic hepatie dysfunction as to earbo- 
hydrate metabolism, so that the liver cannot respond to administered insulin 
by decreasing its glucose output. 

The validity of the rate of decline as a measure of insulin sensitivity ap 
pears to be borne out elinically. Since in spite of the fact that neither the 
fasting nor the thirty-minute blood sugar level nor the rate of deeline as such 
showed any correlation with the patients’ daily insulin requirements, the ‘*sensi- 
tivity factor,’’ ie., the ratio of the thirty-minute level to the rate of decline, 
appears to show a definite general relationship (Table 1). 


SUMMARY 


A modification of Himsworth’s Glucose Insulin Tolerance Test is presented 
which consists of the administration of 0.1 unit of erystalline insulin intra- 
venously thirty minutes after the intravenous injection of 25 Gm. of g@lucose 
in 50 per cent solution. This procedure elicited a homogeneous pattern of re- 
sponse in forty nondiabetic individuals, the blood sugar falling to the fasting 
level within forty-five minutes after the administration of insulin. Using this 
time interval for the return of the blood sugar to the fasting level as the 
criterion for normal insulin sensitivity ten of the diabetic patients showed a 
normal response, while seven patients showed evidence of resistance and seven 
gave an equivocal response, 

As an alternative and more exact criterion for insulin sensitivity, the rat 
of decline of the blood sugar level for the thirty minutes after injection 0! 
insulin may be used. The mean value for the nondiabetic controls is 3.8 mg 
per 100 ml. per minute, with a standard deviation of 0.7 mg. per 100 ml. pei 
minute. Of the diabetic patients, seven (29 per cent) had values of less 
than 2 mg. per 100 ml. per minute, and thus are considered to be insulin in 
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sensitive. Four patients (17 per cent) showed an equivocal response ranging 
from 2.0 to 2.4 mg. per 100 ml. per minute, and the remaining thirteen patients 
(54 per cent) had values of 2.5 to 5.0 mg. per 100 ml. per minute, and were 


considered to be normally sensitive to the action of insulin. The nonhomo- 


geneous distribution of the results obtained with this procedure in the diabetic 


patients tends to support their differentiation into an insulin-sensitive and _ in- 


sulin-insensitive group. 


The ratio of the thirtv-minute blood sugar level to the rate of decline 


which was termed the ‘‘sensitivity factor’’ showed, in general, a correlation 


with the daily insulin requirement of the patient. 


The authors wish to express their grateful appreciation to Dr. Co Tui for his helpful 


criticism and advice during the preparation of this paper. 
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DISAPPEARANCE OF INTRAVENOUSLY INJECTED 
EMULSIFIED FAT FROM THE CIRCULATION OF 
PATIENTS AND ANIMALS 


THE 
4 


WILLIAM A. JOHNSON, M.D., SmMitH FREEMAN, M.D., PH.D., AND 
KARL A. MEYER, M.D. 
CuHicaGco, IL. 


l* RECENT vears considerable evidence has accumulated indicating that 
parenterally administered fat ean be utilized by animals": 


and man.!""! 
However, characteristics of removal of injected fat from the circulation have 
received seant attention, although this is a part of the response of the organism 
to the injection. 

By comparison of the removal of parenterally administered fat in normal 
subjects and in patients with metabolie disturbances that may involve fat 
transport or utilization, one may gain some evidence as to whether or not the 
injected fat is treated as a foreign Substance or similarly to absorbed fat. The 
following experiments deal with this subject. These studies were conducted on 
human subjects with minor complaints that were amenable to surgery and on 
patients with renal insufficieney, hyperthyroidism, and cirrhosis of the liver. 
Similar studies were conducted on dogs before and after ureteral ligation, before 
and after Eek fistula formation, and in controlled and uncontrolled alloxan 
diabetes. 

PROCEDURE 


The fat emulsion used in these studies contained 10 per cent olive oil in 5 per cent 
glucose emulsified with a 1 per cent lecithin fraction® in the manner previously described.14 
Analysis was made for total serum fatty acids,!5 cholesterol,!6 and lipid phosphorus!7 be 
fore, during, and after injection of the fat emulsion, 

As a preliminary experiment two patients were given 1 gram of fat per kilogram body 
weight at different injection rates (two and four hours) on different days; and on another 
day the same volume of 1 per cent lecithin in 5 per cent glucose was administered over a 
four-hour period of time. In each instance blood was drawn after twelve hours of fast, 
again at the end of injection and two, four, and eight hours after completion of the injection. 

Next a group of nine patients hospitalized for nonmetabolic complaints, such as hemor 
rhoids, were given 1 gram per kilogram of emulsified fat over a four-hour period, and the 
disappearance of injected fat was determined. In each instance blood was drawn before, 
in the middle, at the end, and two, four, and eight hours after completion of the fat 
injection, Similar studies were made on five patients with characteristic clinical manifestations 
of cirrhosis of the liver, six patients with toxic manifestations of hyperthyroidism, and on two 
patients with advanced glomerulonephritis with marked elevation of the nonprotein nitrogen. 

Similar studies were made upon the dogs except that 0.5 Gm. of fat per kilogram was 
injected over a one-hour period. In every instance repeated injections on separate days were 
done in each animal to verify the reproducibility of the results. Two dogs were studied 
before and after Eck fistula formation. Rose bengai dye clearance was used to estimate 
the reduction in hepatic function following the shunt operation. Two dogs were studied 


before and twenty-four and seventy-two hours after bilateral ureteral ligation. One animal! 


From the Department of Experimental Medicine, Northwestern University Medical School. 
and Cook County Hospital. 

*The lecithin was kindly supplied through the courtesy of Dr. Percy Julian of Glidden an 
Company, Chicago, Ill. 

teceived for publication, Oct. 12, 1951. 





414 














DISAPPEARANCE OF INJECTED EMULSIFIED FAT FROM CIRCULATION 415 





also received a fat injection ninety-six hours after ureteral ligation. Two alloxan diabetic 
dogs with moderately severe diabetes, controlled by insulin so that the urine contained less 
than 5 Gm. of sugar daily, received fat injections on two different days. Thereafter insulin 
was discontinued for three days and the glycosuria, blood sugar, and disappearance of 
injected fat were determined, The animals were again brought under control with insulin 


and the whole process was then repeated, 
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Fig. 1.—Rate of disappearance of intravenously injected fat emulsion from the circulation Of a 
human subject. 
RESULTS 
: The preliminary studies indicated that the time of return to the fasting 
{ level was similar when the fat injection was given in two or four hours, and 


hat the emulsifving agent in glucose caused only a slight rise in the lipid con 
ent of the plasma (see Fig. 1). If ene assumes a blood volume of 9 per cent, 
nd ecaleulates from the plasma volume and fat concentration the amount of 





e njected fat cireulating at the end of injection, and subtracts this value from 
( he total amount injected, one finds that 74.6 per cent of the injected fat had 
e een removed by the end of the injection in the nine normal patients. In the 


hyrotoxie and cirrhotic patients the proportion of injected fat removed by the 
nd of the injection was 87.4 per cent and 85.6 per cent, respectively. The most 
triking difference was noted in the glomerulonephritic patients in whom only 
7 per cent of the injected fat had been removed by the end of the injection. 
“rom Table I it can be seen that the cirrhotic and thyrotoxie patients had less 
atty acid rise than the normal group, while the two patients with glomerulo- 
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nephritis had a markedly elevated fatty acid level at the end of the infusion. 
These data suggest that a metabolic disturbance may influence the rate of re- 
moval of parenterally infused fat in human subjects. 

Parenteral infusion of fat caused an initial rise in plasma cholesterol fol- 
lowed by a decline in every patient except those with cirrhosis, in whom 
the serum cholesterol values decreased during the infusion (see Table 1). A 
decrease below the initial values was observed eight hours after completion of fat 
infusion on all subjects except those with glomerulonephritis. 

The behavior of lipid phosphorus was quite similar to that of the fatty 
acids and cholesterol (see Table I) in that the patients with glomerulonephritis 


had the oreatest and most prolonged elevation ot lipid phosphorus. 


TABLE I. DISAPPEARANCE OF PARENTERAL FAr FROM THE CIRCULATION OF PATIENTS* 


NO, OF 
GROUP OF pA DETERMINA AT END OF FOUR HOURS FIGHT HOURS 
PATIENTS MENTS TION ** FASTING INJECTION AFTER AFTER 
Normalt 9 Total fatty 613 +201 1123 +204 734 +245 669 +219 
acids ; 
Cholesterol 219 : ne 236 + 60.4 214 + 33.6 206 + 40.5 
Phospholipids) 8.62 + 2.13 10.95 + 1.96 | 10.11 + 1.92; 9.29 + 2.23 
Cirrhotiet ) Total fatty {511 + 93.6 |781 +179 612 + 99.4 |524 + 97.7 
acids 
Cholesterol 176. * 68.1 166 + 67.4 125 + 21.8$,;149 + 76.0 
Phospholipids 8.4 + 2.73 8.53 2.02 “ai 2 2.38 Ta 2.16 
Thyrotoxic 6 Total fatty (548 +4178 835 £216 559 + 94.5 1468 + 69.89 
acids 
Cholesterol 209 + 37.4 (217 += 37.0 {198 + 30.6 |191 + 20.49 
Phospholipids UT Mies 0.92 10.2 + 1.28 9.2 + 1.36 8.7 + 0.16 
Glomerulo 2 Total fatty |486 + 81.4 {1517 +292 778$ 497 
nephritic* acids , 
Cholesterol 158 + 14.1 174 + 14.1 1729 168§ 
Phospholipids) 8.99 + 142) 11.04 2.41 | 8.99$ 8.65§ 


; *1 gram of fat per killogram body weight of a 10 per cent fat emulsion given in four 
10OUurs. 


**Determinations are in mg. per cent + the standard deviation. 

tHospitalized for hemorrhoids, ete. 

tLeg edema and ascites present in all; icterus value range 40 to 89 units; cephalin floccu 
lation 3+ to 

§Number of samples in these cases was one less than that indicated in the second column 

BMR range +44 to +75; all presented clinical toxicity. 

IN. P. N. range 154 to 252 mg. per cent; creatinine range 12 to 13.2 mg. per cent 
hypertension present. 


The experiments on the dogs also indicated that metabolic disturbances ma) 
influence the rate of removal of infused fat (see Table II). The Eck fistula 
animals showed the least elevation of the plasma fatty acids two hours afte) 
completion of fat infusion, the elevation being less than that on the norma 
animal. The alloxan diabetic dogs showed considerably more fatty acid eleva 
tion than had the normal or diabetie dogs receiving insulin. The behavior o} 
cholesterol differed considerably in the different groups. The controlled and 
uneontrolled diabetic animals showed the greatest inerease and deeline o 
cholesterol, while the Eck fistula dogs showed the least elevation and deelin 
The latter resembles the cirrhotic patients who showed no elevation but 
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TABLE II. DISAPPEARANCE OF PARENTERAL FAT FROM THE CIRCULATION OF DOGS 


NO. OF 
EXPERI DETERMINA AT END OF TWO HOURS FOUR HOURS 
MENTS TIONS$ FASTING INJECTION AFTER AFTER 
Normal } Total fatty 543 + 86:0 (742 * 544 1526 + S26 S61 + T70 
acids 
Cholesterol] L63. 046/183 + 11.9 |;169 + 6.64161 + 8.06 
Phospholipids L236: 2 0.2 13.9 + 0.02 12.8 + 0.46 12.35 2 0.32 
\fter Eck 1 Total fatty [353 +104 929 +175 oof + 87.2 |320 + 60.6 
fistula acids 
formation Cholesterol 104 + OF 1? = TS 109 + 17.4 LOO + 3.9 
Phospholipids 7.4+ 0.88) 8.0 + 0.78 lot O85 68+ 0.88 
Normal } Total fatty 556. + T51 1868 +2176 aor © 772 tases + 6&s 
acids ; 
Cholesterol 197 + 359 (212 + 286 {2038 + 338 )197 23M 
Phospholipids, 14.9 + 1.9 16.4 + 24o} donk 2.45) 145+ 2.48 
Afttert 1 Total fatty ney t+ 10:7 i876 + 23:6 1607 + 29.8 (574 + 355 
bilateral acids 
ureteral Cholesterol 248+ 30.2 |263 + 24.3 |244 + 18.0 {2389 + 22.3 
ligation Phospholipids 16.3 + 3.46 ja He 4.01 La.2 + 2.8] 14.9 + 2.24 
Controlled } Total fatty 9053 + 90.8 1182+ 64.7 |907 + 52.0 |757 + 83.3 
diabetes acids 
Cholesterol POS + 24.9 Be + 16.5 314 T 1.99 | 295 + 9.44 
Phospholipids) 19.4 + 0.44) 20.4 + 0.59 19.5 + 0.45 18.8 + 0.56 
Uneon- 1 Total fatty 1696 + 544 2155 + 120 1759 + 374 1546 + 244 
trolled acids 
diabetest Cholesterol 312 + 105 7046 + $6.6 319 + 336 304 + 296.7 
Phospholipids 21.8 + 2.94 23.9 + 2.39 Bo. 2 1.98 20.4 + 1.3] 


0.5 gram per killogram body weight of a 10 per cent fat emulsion given in one hour. 
‘Twenty-four and seventy-two hours after ureteral ligation. 

f183 Gm. glucose in urine per twenty-four hours. 

§Determinations are in mg. per cent + the standard deviation. 


definite decline in plasma cholesterol. The increase in phospholipids was simi- 
lar to that of the fatty acids and had largely returned to normal two hours after 


completion of the fat infusion in all groups of dogs. 
DISCUSSION 


Seventy-five per cent of injected fat was removed from cireulation in 
normal subjects by the end of the infusion, whereas 8 hours longer were required 
to remove the remainder, 

Alterations in fat transport and metabolism in liver disease might be ex- 


pected since this organ plays an important part in phospholipid'* !* and echo- 
lesterol ester formation,?” 7! as well as in the desaturation®® ** and oxidation of 
the fatty aeids.2* *° Abnormalities in the lipid content of the blood have been 
reported to occur in patients with liver disease. In general, the literature 
indicates that a hypolipemia is usually associated with parenchymal damage to 
he liver.2° This is also true in the Eck fistula dog.2* That this hypolipemia 
may be related to an increased rate of removal of fat from the circulation is 
suggested by the observations on cirrhotic patients and Eck fistula dogs. The 
‘esults of the present study both on patients and animals suggest that impair- 
nent of hepatic function accelerates fat removal from the circulation. 

It has been previously shown that, in general, cholesterol (and similarly 
ieutral fat and phospholipids) decrease in hyperthyroidism and inerease in 
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myxedema. ** The present study on thyrotoxie patients indicates that there 


fat content so characteristic of lipoid nephrosis has been ascribed to the hypo 
proteinemia.”’ Lipemia has been reported to occur following nephrectomy and 
ureteral ligation in animals** 
the kidneys by injection of hypertonic suerose*® and other reagents.°* The 
mechanism of this lipemia is not known. The results observed on renal in 
sufficient patients and ureteral ligated does injected with fat emulsion suggest 
that lipemia associated with renal disease may at least be due in part to a 


decreased rate ot removal of fat from the cireulation. 


mobilization?’ °** although it has also been suggested that there is a reduced 
ability to remove fat from the circulation in diabetes mellitus.°’ Presumably 
the turnover of fat is unusually high in the diabetic organism deprived of 
insulin. The high plasma lipid concentration after fat infusion and rapid rate 
of plasma fat removal observed in the uneontrolled diabetic dogs is in accord 


with the above explanation. 


sons is influenced by the concentration of blood fat. 


tions were found to remove fat more slowly trom the blood stream than the 


normal groups. 


fistula dogs following the administration of parenteral fat than for their con 
trols, 


control group. 
dogs was slower than that of the insulin control periods for the same animals. 


but the total decline in serum fatty acids during the period of observation was 
greater for both controlled and uneontrolled diabetic dogs than for any othe: 






































is a more rapid removal of injected fat from the circulation than in normal 


persons, 


4, 


There is considerable clinieal’ *' and some experimental*®: * evidence 


that renal damage mav alter the fat content of the blood stream. The increased 


* and also following experimental damage to 


The lipemia of uncontrolled diabetes is thought to be due to inereased fat 


SUMMARY 


1. The rate of removal of injected fat from the blood stream in normal per 


2. Patients with glomerulonephritis and dogs with bilateral ureteral liga 


3. There was less elevation of the blood fat of cirrhotic patients and Eck 


4. Persons with thyrotoxicosis removed infused fat more rapidly than the 


5. Removal of injected fat from the circulation of uneontrolled diabetic 





group. 
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SWEATING ON NORMO- AND HYPERTENSIVE 
SUBJECTS 

THomas B. Gippons, M.D., AND CARLETON B, CHapMan, M.D. 

MINNEAPOLIS, MINN. 


ie salt diets are known to produce a decline in blood pressure in some 
patients with essential hypertension.’ Whether or not a hypotensive 
effect is observed, the diets induce a definite loss of body water, particularly 
from the extracellular compartment. Such diets also produce loss of serum 
electrolyte. The rice-fruit diet, for example, causes definite lowering of serum 
chloride and elevation of serum bicarbonate, with little change in the con- 
centration of serum sodium and potassium.* Whether the loss of body water 
or the changes in electrolyte Composition, or both, are responsible for the de- 
pressor effect such diets may produce is not known. 

One possibilitv, however, is that the depressor effect of salt depletion 
regimens is a direct result of the loss of body water and that electrolyte deple- 
tion, per se, is only indirectly responsible. The induction of loss of body 
water, with relatively small loss of electrolytes, offers a means of testing the 
possibility. In order to accomplish this, a group of normal and hypertensive 
subjects were subjected to sweating in a hot room until significant loss of body 
water occurred. 

MATERIAL 

Right normal men, aged 18 to 27 years, were employed as controls, The average resting 
blood pressure in the group was 124/66 mm. Hg. 

A total of 23 hypertensive men was studied. Of this number, 7 were subjected to the 
sweating procedure. All members of the group had sustained essential hypertension; th 
average resting blood pressure was 184/118 mm. Hg, systolic pressure ranging from 148 to 
225, and diastolic pressures from 95 to 150 mm. Hg. The ages ranged from 17 to 50 years. 

There was no evidence of nitrogen retention or of congestive heart failure in any of 
the hypertensive subjects. All members of the group were ambulatory and none was limiting 


his intake of salt at the time of the experiments. 


METHOD 


For estimation of basal fluid volumes, the subjects reported to the laboratory after fast 
ing for at least fourteen hours. After thirty minutes’ rest in bed, three or more sphygmo 
manometric readings were taken, and a 15 ml. basal blood sample was drawn, The basal samp 
was centrifuged and inspected for hemolysis. Exactly 20 ml. of a solution containing 13.58 mg 
of T-1824 dve, 345 mg. of sodium thiocyanate, and 1.0 Gm. of antipyrine were then injecte 


intravenously in the space of one minute, the midpoint of the injection being taken as zer 


time. With the subject remaining completely at rest, blood samples were then drawn begir 
ning ten minutes after injection, and ending two hundred forty minutes after it. 
Estimates of the plasma volume were carried out by the method of Gibson and Evans, 


modified by Gibson and Evelyn.4 
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The thioeyanate dilution method of Crandall and Anderson® was used for estimating 
the extracellular fluid volume. The plasma concentrations of thiocyanate were plotted on 
semilogarithm paper and two lines were drawn, the first through the 10- and 20-minute values, 
and the second between the 30-, 40-, and 50-minute values. The point of intersection was taken 
as the equilibrium point, and usually fell twenty to forty minutes after injection. 

Total body water was estimated by the antipyrine method of Soberman and assoicates.' 
Three blood samples, drawn two, three, and four hours after injection, were employed for the 
estimation, 

The sweating procedure was usually carried out on the subjects’ second or third visit to 
the laboratory, several days after the basal fluid volume determinations. In most instances, 
control determinations of thiocyanate and T-1824 spaces were carried out on the same indi 
viduals on two separate days. The antipyrine space was measured in this manner in five of 
the subjects. In a few cases it was necessary to carry out the sweating procedure first, 
basal fluid volumes being measured three to seven days later. Multiple basal blood 
pressure readings were taken after thirty minutes of rest in bed. The subjects were then 
weighed nude and were taken into a room heated to 110 to 120° F., with a relative humidity 
of 60 to SO per cent. Fluid loss was hastened by frequent periods of exercise on a motor- 


driven treadmill, usually running at 3 or 3.5 MPH, and set at 2.5 to 5 per cent grade. The 


periods of exercise were five to ten minutes in length, and were spaced at 30- to 60-minute 
intervals, depending on the patient’s capacity for exercise at high temperature. Measure 
ments of pulse rate, blood pressure, body temperature, and body weight were made at fre- 
quent intervals. As was expected, the normotensive subjects tolerated the procedure better 
than did the hypertensive subjects. Several of the latter experienced such extreme discomfort 
that the high temperature phase had to be discontinued prematurely. In some instances the 
subjects could perform only a small amount of exercise so that the desired level of fluid loss 
Was not attained, but in no case did signs of circulatory collapse appear. 

The subjects were allowed to take a few ice cubes during the period in the hot environ 
ment, but apart from this no food or fluids were provided. In no case did the water con 
sumed in this manner exceed 200 milliliters. When the weight of the subject had declined 
about 4 per cent, which required from four to eight hours, the subjects were removed from 
the hot environment and placed at rest in a separate room, When rectal temperatures had re 
turned to normal (thirty or forty minutes later), fluid volume and specific gravity determina 
tions were repeated. 

Methodologically, the reliability of the techniques used for determination of fluid spaces 


is open to question. Of the three methods used, the reliability of the T-1824 technique for 





f estimating plasma volume is least in doubt. It is reported by Gregersen? to be accurate within 
" tl per cent. The validity and accuracy of the thiocyanate technique, as pointed out by Leavitt 
a and Gaudino,® are in doubt because the thiocyanate ion is taken up by certain body cells, es 
pecially in various abnormal states. These authors also believe that ‘‘the thiocyanate space 
is not constant in the same animal under identical conditions.’*? The experience with normal 
human beings in our laboratory is not in accord with this view. Keys and asociates,? working 
t with normal young men, found that the mean thiocyanate space was 16.06 liters before semi 
” starvation (21 men) and 16.35 liters after full recovery from it (13 men) twenty-one months 
le later, Expressed as per cent of total weight, the corresponding figures are 23.64 + 1.65, and 
- 23.51 + 1.43. Our own experience with the thiocyanate method in 15 normotensive and hyper 
tensive men yielded mean values of 17.73 + 2.34 and 17.60 + 2.48 liters for first and second 
trials, respectively. Expressed as per cent of total body weight, the corresponding values are 


23.95 + 3.56 and 23.66 + 2.83, Variance analysis on these data (expressed as liters) discloses 
that the interindividual component accounts for 75.85 per cent of the total variance, and that 
the repeatability is quite high. The coefficient of consistency was 0.712, and the standard 
random error was 1.3 liters. The debate as to the true significance of the results provided by 
he method is not answerable with certainty, since the absolute size of the extracellular fluid 
that the 


thiocyanate space is quantitatively, but not absolutely, related to it and, since the repeatability 


space in normal individuals is unknown, There is good reason to believe, however 
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TABLE I.) FLUID SPACES BEFORE AND AFTER SWEATING PROCEDURE 
P ANTIPYRINI 
MINUS 
ANTIPYRINI PHIOCYANATE THIOCYANATE PLASMA BLOOD 
SPACH SPACE SPACE VOLUME VOLUME 
LITERS LITERS ( LITERS ( LITERS ) ( LITERS 


SUBJECTS sEFORI AFTER | BEFORE AFTER | BEFORE AFTER | BEFORE AFTER BEFORE AFTER 


Normotensives 





BE. 8. 39.08 35.23 16.22 14.48 22.86 20.75 3.16 2.86 5.70 5.40 
oe ie 36.05 33.21 18.27 14.18 17.78 19.03 3.25 2 BS 5.61 5.39 
a. 35.08 18.04 14.91 17.04 3.28 2.48 5.70 3.389 
K. H, $2.88 37.50 ergy 72 2o.11 22.78 3.66 3.04 6.6] 6.05 
W. H, 40.09 39.41 19.61 18.18 P0.48 21.23 bY fe 3.43 6.56 6.25 
M. R. 34.70 30.04 14.30 14.13 20.40 15.91 3.54 2.95 6.03 5.47 
ms fe 39.41 35.94 17.10 i413 22.31 21.8] 3.89 3.32 6.95 6.63 
Mean 38.18 30.22 7:33 14.96 20.85 20.25 3.50 2.99 6.17 0.80 
Ss. D. 3.01 3.29 1.70 1.45 ) 84 ? 46 0.28 0.32 0.54 0.51 
Hype rtensives 
L. E. 33.12 30.51 is.00 13.02 19.79 17.49 2.81 2.92 3.41 2.30 
ee 38.75 34.09 15.70 14.42 23.05 19.67 3.36 2.50 6.04 5.16 
R. DD. 3245 30.79 15.65 13.47 17.10 17.32 PSE! 2.66 oo 2.09 
R. M. 38.11 35.77 17.45 14.19 20.66 21.58 3.61 2.84 6.16 $.99 
Ce 12.27 38.75 1S.97 18.56 93.30 PO.19 3.43 3.34 6.44 6.51 
Cc Ss. 36 = Ae bf 14.73 12:93 22:17 19.84 oa ? 64 5.19 5.53 
M. M. 10.09 18.56 16.62 23.71 23.47 5 2 3.26 7.28 7.00 
C. MeM 32:42 15.62 15.37 18.32 bee 322 3.38 5.76 6.04 
Mean 37.26 34.49 16.25 14.82 21.01 19.67 3.4% 2.94 5.94 B47 
Ss. D. 3.82 3.00 1.93 1.95 2.45 215 O.38 0.34 0.71 O70 


of the technique is high, it provides a convenient and relatively reliable means of following 
change in the extracellular space. Our own data were insufficient to permit adequate testing 
of the antipyrine technique by this method, but preliminary examination of other data from 
this laboratory!’ indicates that its reliability is somewhat greater than that of the thiocyanate 
method, 

RESULTS 

The fluid spaces were approximately the same in the normotensive and 
hypertensive subjects before the sweating procedure was carried out. The 
small difference between the mean values for the two groups (Table 1) is at- 
tributable to the small difference in their mean body weights. Determination 
of the plasma volume, blood volume, and thiocyanate space was carried out 
in the larger group of hypertensive subjects (23 in all), the results being ap- 
proximately the same as in the smaller group. 

The most significant result of the experiments is a negative one: there 
was no appreciable change in blood pressure after the sweating procedure. 
although there was a very considerable loss of body water (Table I1). This 
was true for the hypertensive as well as for the normotensive subjects. During 
the sweating procedure, the blood pressure usually declined in both groups as 
the body temperature rose. Within an hour after the sweating procedure was 
terminated, however, the blood pressure invariably returned to the resting 
level, although the subjects were not permitted to eat or drink during this 
period. 

The loss of weight during the sweating procedure was attributable almost 
entirely to loss of body water, mostly from the thiocyanate space. The mea! 
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TABLE II, DIFFERENCES IN Bopy WEIGHT, FLUID COMPARTMENTS, AND BLOOD PRESSURI 
INDUCED BY SWEATING PROCEDURE 


DECR. DECR. DECR, 
BODY WT. BLOOD PRESSURE BOD SCN DECR. BLOOD 
(KG, ) (MM. HG WATER SPACE ICK VOL. 
SUBJECTS | BEFORE | AFTER | DIFF. BEFORE AFTER | (LITERS) |( LITERS LITERS LITERS 
Normotensives 
E. S. 74.50 69.99 $.51 134/54 116/70 3.85 1.74 SA 0.30 
Js. Es 78.85 74.81 4.04 122/50 2.84 $.09 +1.25 0.22 
a. A: 65.70 62.06 3.64 116/70 eh ar 0.31 
K. TF. 85.80 84.65 5.15 120/70 114/70 5.38 3.05 2.00 0.56 
W. H. 77.00 73.40 3.60 116/70 110/64 0.68 1.43 +0).75 0.3 
M. R. 64.05 60.75 3.30 134/76 128/70 1.66 0.17 1.49 0.56 
KF, N, 64.60 61.20 3.40 124/70 104/70 3.47 2.97 0.50 0.32 
Mean 72.93 68.98 3.95 124/66 114/69 3.48 2.37 1.24 0.37 
Si: 8.36 7.82 0.67 1.63 1.33 2.15 0.14 
Hype rlEnsives 
L. I DS8.50 56.40 2.10 190/140 225/145 ? 61 0.31 2.30 0.19 
° eae | 74.30 70.55 3.19 160/105 138/100 1.66 1.28 3.38 0.88 
R. D. 57.90 55.81 2 09 162/110 138/106 1.96 9 18 (0,22 0.88 
R. M. 68.40 69.90 2.50 174/110 180/94 2.34 3.26 +0.92 1.17 
cs $6.00 $3.00 3.00 158/95 152/76 Be 0.41 3.11 +0.07 
CG; &. 76.80 74.53 2.27 148/98 138/89 1.13 L.S0 2.0 +0.34 
M. M. 79.90 73.40 2.50 153/110 150/110 2.18 1.94 0.24 0.58 
C. MeM. — 66.00 63.63 237 295/150 248/158 0.80 0.25 0.55 0.28 
Mean 70,48 67.90 2357 L7i/1S P/O 2.78 1.44 £35 O17 
= ae 9.64 933 ‘O56 1.26 1.07 1.63 0.56 


decline in total body water (antipyrine space) closely approximated the mean 
decline in body weight for the two groups, but in some individual subjects 
there were wide discrepancies between the two values. The intracellular c¢om- 
partment (antipyrine space-thioeyanate space) apparently made some con 
tribution to the fluid loss, but the amount was less than that contributed by 
the extracellular compartment (thiocyanate space). The amount of decrease 
in the blood volume was almost insignificant. 


DISCUSSION 


The possibility that loss of body water with relatively small loss of 
electrolytes may cause decline of the blood pressure in hypertensive patients 
thus receives no support from the foregoing experiments. Rise in body tem- 
perature, induced by a hot environment, causes some lowering of the blood 
pressure, but the effect is temporary. 

The average total decrease in thiocyanate space, after six weeks on the 
rice-fruit diet, was, in our experience, 2.69 liters, but the depressor effect ob- 
served in four of the seven hypertensive subjects was apparent within a week 
or two, and well before the maximum decline in thiocyanate space was ob- 
served. In the present study, the average decrease in thiocyanate space in- 
duced by sweating was 1.44 liters in the hypertensive group, yet there was 
no significant decline in blood pressure (once the body temperature had re- 
turned to normal). This amount, although considerably less than that seen 
in the group receiving the rice-fruit diet, was certainly comparable to that 
seen in the early weeks of the dietary test period, at a time when the blood 
pressure had declined markedly in four of the hypertensive subjects. 








424 GIBBONS AND CHAPMAN 


The possibility that changes in blood volume are related to changes in 
blood pressure are not excluded by the present experiments. There is a slight 
suggestion in the data presented in Table Il that such a relationship may exist, 
but the number of experiments is too smal] to prove or disprove the point. 

The sweating procedure produced a rise in the concentration of serum 
electrolytes, but the relative concentrations did not change. The Na/K ratio, 
for example, was substantially the same before and after the sweating. Some 
loss of sodium chloride undoubtedly occurred but, as Adolph points out, sweat 
is such a dilute solution that ‘‘. . . its formation robs the body almost ex- 
clusively of water.’’ The amount of salt loss in our subjects, although rela- 
tively small, does not appear to have been the same in the two groups of sub- 
jects. The data suggest, but do not prove, that the normotensives lost more 
than the hypertensives. 

The situation with regard to the rice-fruit diet is quite different, as shown 
by Watkin and associates.2 In spite of the very significant decrease in thio- 
cyanate space, the concentrations of serum sodium and potassium remain sub- 
stantially unchanged, while that of serum chloride declines. Considerable loss 
of electrolyte is, therefore, apparent. In terms of milliequivalents of sodium 
and ehloride per liter of reduction in thiocyanate space, the loss of electrolytes 
was over twice as high in patients treated with the rice-fruit diet as in those 
subjected to sweating. Since the diet does exert a depressor effect, while the 
sweating procedure (of a degree producing significant decrease in thiocyanate 
space) does not, it seems likely that the rice-fruit diet directly depends, to 
some extent at least, on alterations in serum electrolytes for its effect. 

When desoxycorticosterone is used to induce sodium retention in hyper- 
tensive patients, there is an immediate rise in blood pressure, as shown by 
Perera.’! As the administration of the drug is continued, however, evidence 
of salt and water retention disappears and in some, but not in all, hypertensive 
patients the blood pressure returns to control levels. Perera interprets these 
findings to mean that some factor other than salt and water retention must be 
invoked to explain the effect of desoxyecorticosterone on the blood pressure. 
It seems probable, on the basis of Perera’s work and of our own, that several 
factors, including change in salt and water content, are involved, and that no 
single tactor, acting alone, is capable of producing significant and enduring 
decrease in the blood pressure of hypertensive patients. 

Although both the rice-fruit diet and the sweating procedure as used by 
us induce diminution in the thiocyanate space, they do it at very different 
rates. Days to weeks are required for the diet to cause its maximum reduc- 
tion. The sweating procedure, on the other hand, caused substantial redue- 
tion in a few hours. It is possible that this time factor may in some way ac- 
count for the difference in the effects on the bood pressure of the two tech- 
niques. This possibility, however, has not been investigated. 

Finally, in our hands the rice-fruit diet caused definite loss of body tissue, 
while the sweating procedure did not. It seems unlikely, however, that the 
rice-fruit diet depends on loss of body tissue for its depressor effect. Others 
have shown that the diet may exert a depressor effect even when there is no, or 
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minimal, loss of body tissue.*. Also, weight reduction alone usually causes rela- 
tively insignificant fall in the blood pressure of severely hypertensive patients, 
while the rice-fruit diet not infrequently produces a dramatie decline. 


CONCLUSIONS 


1. The plasma and total blood volumes, the thiocyanate space, and the 
antipyrine space are normal in patients with essential hypertension. 
2. Dehydration, unaccompanied by large loss of electrolytes, has no last- 


ing depressor effect in hypertensive patients. 
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RESULTS IN THE HEMAGGLUTINATION TEST FOR TUBERCULOSIS 
Wittiam Henrev, M.D.,* anp G. D. Guitpert, M.D. 
KERRVILLE, TEXAS 


N 1948, Middlebrook and Dubos! deseribed the method, technique, and results 
| of testing the products of tubercle bacilli against antibodies in human sera. 
This was interpreted as a new means of detecting antibodies in the serum of 
patients with tuberculous infections. Ino 1950, Smith and Seott® * published 
two papers deseribing modification of the original method as well as interpreta- 


tion of their results. 


Our procedure followed the modification of Scott and Smith,2 with utilization of Lederle 
tX Tuberculin. Over a peried of ten months we studied a total of 475 separate individuals. 
Of this entire study, Group A (1380 individuals) consisted of emplovees of the hospital who 
were presumed to be nontuberculous. This was substantiated by routine physical examinations 
and chest roentgenograms necessary for all federal employees. These were called ‘* non 
tuberculous.”’ The $45 patients with known pulmonary tuberculosis undergoing the hemag 
vlutination test were broken down into tour different categories. Group B (7S eases) con 
sisted of patients who had undergone extensive treatment and were ready for discharge as 
arrested. These were called the ‘clinically inactive group.’ Group C (48 cases) consisted 
of recently admitted patients having roentgenogram findings suggestive of tuberculous in 
fection, but in whom no positive sputum or gastric cultures had as vet been obtained. These 
were called the ‘‘ questionable activity group.’’ Group [) (112 cases) consisted of patients 
with known pulmonary tuberculosis who had never received streptomycin or para-amino 
salicvlic aeid. These were called ‘*known active tuberculosis without antibioties.’’ Our 
last group, Group E (107 cases), was composed of patients with proved active pulmonary 
tuberculosis who had been vigorously treated with both streptomycin and para-aminosalieylic 
acid, These were called ** Known active tuberculosis with antibiotic therapy.’’ 

Our presumed nontuberculous group of employees (130 individuals) was also investigated 
regarding the tuberculin reaction. Of this group, 128 individuals showed a positive tuber 
culin reaction, and two individuals were negtive. 

All bloods obtained were listed by number only and the individual performing the 
hemagglutination procedure was uninformed of the patient’s identity. A titer of 1:8 or less 
was considered within normal limits. Titers ranging from 1:16 or higher were considered 


to be indicative of tuberculous activity. 
RESULTS 


Group A (Nontuberculous) 130 Cases.—Of this group, 123 cases or 94.6 


per cent of the individuals showed a titer of 1:8 or less. (Table I, Group A. 
Seven individuals, or 5.4 per cent, showed a hemagglutination titer of 1:16 or 
above. If one were to consider this group alone, the results would seem to be 
most encouraging toward utilization of the hemagglutination test as a method of 
mass tubereulosis sereening. 

From the Veterans Administration Hospital, Legion Branch, Kerrville, Texas. 

Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result 


of their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration. 


Received for publication, Sept. 27, 1951. 
*Now stationed at Veterans administration Hospital, Albuquerque, N. M, 


426 
































6)? 


HEMAGGLUTINATION TEST FOR TUBERCULOSIS al 


TABLE ] 


NEGATIVE POSITIVE 

TITER HEMAGGLUTINATION GROUP HEMAGGLUTINATION GROUP 
NO. OF PER PER 
GROUP CASES |NEG.| 1:2 | 1:4 11:8 | CENT 1:16 | 1:32 | 1:64 |1:128 |1:256 |1:512 | CEN 
A 30 62 30 15 16 94.6 5 2 0) a.4 
B 78 26 3 [5 19 93.6 2 2 ] 0) 6.4 
C 1S 14 10 15 | 89.6 2 2 | 0) 10.4 
1D) 112 1S S 17 ft 55 12 19) 13 7 0 19.9 
K 107 12 ld 25 2D 71.9 S 11 7 2 2 0) 28.1 

D&E 

‘combined 219 30 23 $2? 1} 63.0 »() 30 21) g » 0 37.0 


Group B (Chnically Inactive) 78 Cases.—The group on the whole demon 
strated results consistent with that found by Middlebrook and Dubos,' as well 
as Smith and Scott... Seventy-three cases or 93.6 per cent showed a titer of 1:5 
or less, whereas five cases or 6.4 per cent showed a titer of 1.16 or higher 
(Table 1, Group B). The results in this group would indicate a decrease in the 
titer of the hemaglutination test for individuals whose tuberculous disease is 
arrested, or at least inactive. 

Group C (Questionable Activity) i8 Cases —Although roentgenogram find 
ings suggestive of pulmonary tuberculosis were present, none of this group 
were proved to have tuberculosis by positive sputum or gastric cultures. The 
majority of individuals (37 patients) were considered in the class with minimal 
involvement, but eleven patients were considered to have chronie fibrotic pul- 
monary tuberculosis. Forty-three cases or 89.6 per cent showed a hemagelu- 
tination titer of 1:8 or less. Five cases, or 10.4 per cent, showed a titer of 1:16 
or higher (Table I, Group ©). Although this group is difficult to evaluate, 
one must consider a 10 per cent false-positive reaction as being too high for 
adequate screening purposes. 

Group D (Known Active Pulmonary Tuberculosis Without Antibiotics) 112 
(ases.—All patients were proved tuberculosis by roentgenogram and culture 
studies. This group of patients was considered hopeless, and most of the pa- 
tients were in the terminal stages of the disease. Sixty-one cases, or 54.5 per 
cent, showed a hemagglutination titer of 1:8 or less, whereas 51 cases, or 45.5 
per cent, showed a titer of 1:16 or higher (Table I, Group D). This group 
lemonstrates poor reaction to the hemagglutination test. However, Smith and 
Scott? state that negative results are frequently found in patients with far- 

dvanced disease. 

Group E (Known Active Pulmonary Tuberculosis With Antibotic Ther- 
py) 107 Cases.—These patients were all treated with a combination of strep- 
omyein or dihydrostreptomyein and para-aminosalievlie acid. Dosage was 
overned by the protocols as established by the Eighth Veterans Administration, 
\rmy and Navy Conference on the Chemotherapy of Tubereutosis.* The dos- 
ve under these protocols was either 1 Gm. streptomycin (SM) or dihydrostrep- 
omyein (DHSM) and 12 Gm. para-aminosalievlie (PAS) acid daily for one 
undred and twenty days, or 1 Gm. SM twice a week and 12 Gm. PAS daily 
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for one hundred and twenty days, the particular regimen being randomized ae- 
cording to the hospital registration number. Seventy-seven cases, or 71.9 per 
cent, showed a titer of 1:8 or less. Thirty cases, or 28.1 per cent, showed a 
titer of 1:16 or higher (Table I, Group E) 

Considering the statement that far-advanced cases without antibiotic ther- 
apy often show negative hemagglutination results, we ean only postulate that 
the role of antibiotics in treatment of pulmonary tuberculosis may be mani- 
fested by the reduction in titer. As seen in Table I, Group D, 61 patients, or 
D4.5 per cent, of the group that did not have antibioties had negative hemag- 
glutination results (1:8 or lower), while of those who did have antibioties (Table 
I, Group FE), 77 patients, or 71.9 per cent, had-negative hemagglutination re- 
sults. Thus there were 17.4 per cent more patients who had negative agglutina- 
tion results in the antibiotic-treated group than in the nonantibiotic-treated 
group. The actual effect of antibiotic therapy on the hemagglutination titer 
is not known and cannot be evaluated from this small series of patients. 

Combining both groups D and E for an over-all hemagglutination test in 
known active pulmonary tuberculosis, treated with and without antibioties, the 
ereater percentage is found to be less than 1:8 titer. This combined group 
had a total of 219 cases. One hundred and thirty-eight cases, or 68 per cent, 
showed a hemagglutination titer of 1:8 or less, whereas eighty-one eases, or 
37 per cent, demonstrated a titer of 1:16 or higher. In other words, more 
patients in the definitely active group had a negative agglutination titer than 
had positive titers (Table I, D and E) 


SUMMARY 
The present status of this test is that it is not of sufficient accuracy to 
determine the activity of pulmonary tuberculosis. 


We are indebted to Mr. James R. Copeland for technical assistance in performance of 
the hemagglutination test. 
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KARLY DEVELOPMENT OF ANATOMIC AND BLOOD) 

CHEMISTRY CHANGES IN THE NEPHROTIC 
SYNDROME IN RATS 

WALTER HEYMANN, M.D., AND DonaLp B. HAcKEL, M.D. 

CLEVELAND, OHIO 


11K chronie renal disease induced in rats by the intravenous injection of 

nephrotoxie serum obtained from rabbits simulates the nephrotic syndrome 
as it is observed in infants and children.' The pathogenesis of the human dis- 
order is poorly understood. This is possibly due to the insidious onset of the 
disease in children. It is likely that the nephrosis has existed several weeks be- 
fore the first symptoms—edema and ascites—are noted. Consequently, the early 
changes in the kidneys and in the chemical composition of blood thus escape 
detection. This communication describes the histologic lesion in the kidneys and 
the variation in the concentration of the blood urea nitrogen, and creatinine, 
and serum protein, cholesterol, lecithin, and total lipids as they were noted 
during the first hours and days after the intravenous injection of anti-rat-kidney 
serum obtained from rabbits. 


METHODS 

The experimental procedures used have been previously described.!;2 Rats of the 
Long-Evans strain were used. The nephrotoxicity of anti-kidney sera was tested in preliminary 
experiments by biologic assay. The amount of serum needed to produce a severe disease thus 
was established and standardized according to estimated kidney weight. In contradistinetion 
to former practice, the dosage was administered in one single intravenous injection. The 
animals were then sacrificed by decapitation at intervals from thirty minutes to ninety-six 
hours. Urine was collected for quantitative protein determination. Serum from rormal rab- 


bits was used in place of the nephrotoxic serum as a control. 
RESULTS 


Early Anatonic Changes.—Kidneys of forty-six rats injected with nephro- 
toxic serum and kidneys from nine control rats that had been injected with 
normal rabbit serum were examined. [ormalin-fixed sections were stained with 
iematoxylin and eosin. Basement membrane changes were demonstrated by the 
Lee-Brown* or periodic acid-Schiff* techniques. 

Histologic changes were present in the kidneys of forty-five of the forty- 
ix rats injected with nephrotoxic serum. Only one rat was found to have 
nicroseopically normal kidneys. The earliest histologic change was found to 
a marked accumulation of polymorphonuclear leukocytes within the glomeru- 

From the Departments of Pediatrics and Pathology, Western Reserve University School 
Medicine, and the Department of Pathology, Cleveland City Hospital. 
*Aided by grants of the Life Insurance Medical Research Fund and the Louis D. Beau- 


ont Trust. 
Received for publication, Oct. 1, 1951. 
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lar tufts (Figs. 1, A and 1, B). This was observed as early as one-half hour 
after injection of the nephrotoxic serum, was most marked within one to two 
hours, and had largely disappeared after eight hours. The reaction was seen in 
the one rat killed after one-half hour, in both of two rats killed after one hour, 
in one rat killed after three hours, in six of seven rats killed after four hours, in 
four of six rats killed after six hours, in four of five rats killed after eight hours, 
and was absent in all rats killed thereafter. After one to two hours the capillary 
hasement membrane in all kidneys was thickened, and there was swelling of 
the endothelial cells. This resulted in obliteration of the capillary lumens and 


an apparent decrease in vascularity of the glomerular tufts. 





Fig. 1 Glomerulus of a normal rat (A) contrasted with that of a rat killed one hour 
after injection of nephrotoxic serum (B). Note the clear capsular space, the fine capillary 
loops and small number of nuclei in (A). The obliteration of the capsular space and of the 
capillary loops in (B) is due to the presence of a large number of polymorphonuclear leukocytes 
to the thickening of the capillary basement membrane and swelling of the endothelial cells 
(Hematoxylin and eosin, 612.) 


The first tubular changes were noted after four hours. In hematoxylin and 
eosin stained sections, many eosinophilic colloid casts were observed within thy 
tubular lumens. In numerous instances the epithelial cells of the convolute: 
tubules presented the picture of hyaline droplet ‘*degeneration’’ (Figs. 2, 1 
and 2, B), with coarse granules having the same stainine characteristies as th 
colloid casts in the lumens. 

Frozen sections of kidneys were stained with Sudan IV. No fat was presen 
until eighteen hours after injection of nephrotoxic serum. It was present in thi 
renal tubules of eleven of the twenty-two rats examined from this time throug! 
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ninety-six hours. The proximal convoluted tubules were most markedly involved, 
hut the distal convoluted and collecting tubules were also frequently affected, as 
were the glomeruli. The amount of fat in the tubular epithelium could not be 
directly correlated with the degree of hyperlipemia, but in only one instance 
was fat present in the absence of definite hyperlipemia. 

In all but two rats the interstitial tissue was normal. In one rat killed 


after four hours and with one rat killed after six hours there were small foeal 


perivascular collections of Iymphoevtes and plasmoevtes. 





A, B. 
Fig. 2.—Renal tubules of a normal rat (A) contrasted with a kidney of a rat killed 
eighteen hours after injection of nephrotoxic serum (B). The latter shows marked colloid 
lroplet “degeneration” of the tubules. (Hematoxylin and eosin, 612.) 


The kidneys of nine control rats that were injected with normal rabbit 
serum showed no abnormal changes. 

Early Blood Chemistry Changes.—The values for blood urea nitrogen and 
creatinine, serum protein, cholesterol, phospholipids, and total lipids were ob- 
tained at various intervals after injection of nephrotoxie serum in sixty-six 
animals. They have been plotted as average values in Fig. 3. 

The BUN in normal rats varies between 15 and 23 mg. per cent. It rises 
slightly within the first twenty to thirty minutes. From two to four hours after 
the injection of nephrotoxie serum, the values increase reaching a peak after 
twenty-four to forty-eight hours. They then slowly decrease and frequently 
reach normal levels within the next two to three weeks, in spite of continued 
massive proteinuria. The systolie blood pressure usually remains normal 
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through this period. Occasionally it may be slightly elevated, but hardly ever 
above 140 mm. He. The blood creatinine concentration remains within normal 
range (0.8 to 1.8 mg. per cent) throughout the initial phase of the disease. 
Changes during the later stages of the disease have been described previously." * 
The total lipids rise slowly within the first two to four hours, and continue to 
increase well above normal range (180 to 400 me. per cent) after four hours. 
The changes in serum cholesterol concentration are similar. Its normal range is 
50 to 100 me. per cent. From six to eight hours after the injection of hetero- 
nephrotoxins, hypercholesterolemia is present and increases progressively dur- 
ing the next days and weeks. The phospholipids also increase above normal 
range (100 to 150 mg. per cent) beginning six to eight hours after injection, 
and the curve is similar to the one obtained for cholesterol and total lipids. 
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HOURS AFTER INJECTION 


Fig. 3.—Blood chemistry changes during the first hours and days after the injection of nephro- 
toxic sera in rats. All values outside of the lined area are beyond the normal range. 


After the first four to eight weeks the hyperlipemia may decrease, but the values 
stay above normal range as long as proteinuria is present. The average values 
for the serum protein concentration decrease below normal (5.2 to 5.9 Gm. per 
cent) eight to twenty-four hours after the injection of nephrotoxic sera, and 
an occasional low value is noted as early as four hours. Between four and 
eight hours ten values were between 4.6 and 5.8 Gm. per cent, while fifteen 
were between 5.3 and 6.8 Gm. per cent. During the same time interval only one 
of nineteen total lipid values, four of eleven phospholipid, and eight of seventeen 
cholesterol values remained within normal range. The serum protein values 
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decrease during the first three days and usually increase during the further 
course of the disease in accordance with the severity of the proteinuria. 

Fig. 4 shows the correlation of serum protein values to the exeretion of 
urinary proteins within the first hours and days after renal disease has been 
induced. It can be seen that the serum protein concentration decreases as the 
excretion of proteins in the urine increases. In ten instances, indicated by dots 
in Fig. 4, the hypoproteinemia is so marked that it is unlikely that it can be 
explained by the relatively small amount of protein found in the urine. 
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Fig. 4.—Correlation of serum protein concentration and degree of proteinuria during the 


first hours and days after the injection of nephrotoxic sera in twenty-nine rats. Each bar 
represents the values for one rat The values at “O” hours are the normal concentrations. 


The serum protein concentration of control rats varied between 5.2 and 5.9 Gm. per 100 ml. 
The urinary protein excretion is given in milligrams over the period covered. 

In order to ascertain the effeet of serum per se on the BUN, eight animals 
were injected with corresponding amounts of sera obtained from untreated 
rabbits. An increase in the blood urea nitrogen concentration to maximum 
values of 30 to 32 mg. per cent was observed after two hours, and after four 
to six hours the values had returned to the normal range. Blood ereatinine 
concentration, serum cholesterol, lecithin, and total lipid values did not show 
any change. 
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DISCUSSION 


After the injection of inactive rabbit serum no histologic abnormalities 
were noted in the kidneys. This suggests that the changes that oceur after 
nephrotoxic sera are used are due to the aetion of the renal antibodies. It is 
of considerable interest that the glomeruli were affected first, while the tubular 
changes followed four to six hours thereafter. Based on extensive studies of 
renal function in the nephrotic syndrome of children, Meteoff, Kelsey, and 
Janeway’ arrived at a similar view: that this disorder affects the entire nephron 
even though the glomerulus is a primary site of the disease process. In our 
experience the extent of the initial histologic glomerular changes does not reflect 
the intensity of the disease at onset, nor does it necessarily imply a progression 
of the glomerular injury to fibrosis or atrophy. This has been shown in a 
previous communication.” It has been shown that the initial antigen antibody 
reaction takes place in the glomeruli." It may be assumed that the subsequent 
injury need not always manifest itself initially by visible anatomie alterations, 
since in a few rats with severe disease associated with anasarea, Massive pro- 
teinuria, hypoproteinemia, and hyperlipemia, the glomeruli appeared normal.! 
One may be inelined to apply this knowledge to the so-ealled ‘pure’? form of 
lipemie nephrosis as it is observed in ehildren and in the experimental disease 
of rats. 

An abnormal amount of fat in the tubular cells was not seen until eighteen 
hours after the injection of nephrotoxie serum. In only one case was fat seen 
in the tubular cells without hyperlipemia. However, there were numerous in- 
stances in these early stages in whieh hyperlipemia was present, vet no fat 
could be demonstrated in the tubules. As hyperlipemia per se does not necessarily 
lead to deposition of fat in the renal tubules.'! the addition of some injury to 
these cells has to be presumed to explain the deposition of fatty substances in 
the tubular epithelium. 

The azotemia of the initial phase of the nephrotoxic disease in rats deserves 
some comment. The intravenous injection of both normal and nephrotoxic 
rabbit serum increases the BUN values within the first two hours to similar 
degrees. It is therefore likely that during the first two hours the azotemia is 
due to the parenteral administration of foreign protein rather than to the effect 
of the renal antibodies. The progressive and marked increase of blood urea 
nitrogen that is observed after two hours is, however, probably due to the renal 
lesion. Complete renal ischemia was established in six rats by occluding the 
renal artery and vein of both kidneys with bulldog e¢lamps.'? The BUN rose 
at first in these animals at the same rate as in those injected with nephrotoxic 
sera. After seven to eight hours, the azotemia of nephrotic rats no longer in- 
creased as rapidly as in animals in whom complete cessation of renal blood flow 
had been established. 

The funetional impairment of the glomeruli in the nephrotie rats may be 


severe for a matter of hours to a few days. However, it must also be reversible, 
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as a decrease of the azotemia to normal levels during the following weeks and 
months is the rule. In contradistinetion to this observation is the persistence 
and irreversibility of the azotemia in late stages of the disease. In children with 
the nephrotie svndrome, we also have occasionally observed an initial, reversible 
azotemia. The importance of this observation in the prognostic evaluation is 
obvious, and a survey of suitable eases is being undertaken. 

The observation that the hyperlipemia develops prior to or possibly to- 
gether with—but certainly not after—the hypoproteinemia provides more!” 
convincing evidence against the assumption that the hypoproteinemia is’ the 
cause for the nephrotie hyperlipemia.' 

The further observation that the amounts of protein recovered from the 
urine of nephrotic rats cannot always explain the degrees of hypoproteinemia 
noted during the first few hours of the disease has to be evaluated with eaution. 
Changes in plasma volume and the unknown amount of proteins lost in’ the 


lumen of renal tubules might aecount for this diserepaney. 


SUMMARY 


Anti-rat-kidney serum obtained from rabbits was given by intravenous in- 
jection to sixty-six rats. The histologic changes in the kidneys and the changes 
in blood chemistry values were studied during the first hours and days after 
the injection. 

The glomeruli may show histologic changes as early as one-half hour after 
the injection. The tubules show no abnormalities until four hours. After this 
interval, hyaline casts are often seen and hyaline droplet ‘*degeneration”” of the 
tubular cells is frequently marked. Fat in the tubular cells is not seen until 
eighteen hours. 

The BUN may start to rise as early as one-half hour after the injection 
of nephrotoxic serum. This is probably due to the intravenous injection of 
foreign protein material. Renal azotemia develops after two to four hours. 
Total lipids begin to increase after two to four hours, serum cholesterol and 
phospholipids after six to eight hours. The serum protein concentration begins 
to decrease after eight to twenty-four hours. ; 

No histologic or comparable chemical abnormalities are seen in nine control 
rats injected with normal rabbit serum and killed at similar intervals. 
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STUDLES ON THE TECHNIQUE OF TRANSPORTING 
THROAT SWABS TO THE LABORATORY FOR THE ISOLATION 
OF PNEUMOCOCCIH 
Davip A. STEVENS, A.B. 

CLEVELAND, OUIO 


a on the isolation of pneumococci from throat swabs were under- 
taken because carrier rates for these organisms from individuals com- 


' were lower than the results of similar 


prising a population of normal families 
studies on normal soldiers.* The technique employed had not differed from the 
method used previously,’ except that the swabs were obtained in the home and 
transported to the laboratory in dry test tubes rather than in tubes containing 
broth. 

Data have been obtained which show that pneumococci often may not be 
detected on throat swabs transported to the laboratory in dry test tubes, that 
the losses may be appreciable, but that viability of pneumococci may be main- 
tained if the swabs are transported in broth. 


METHODS 


Two sterile dry cotton swabs were passed firmly across the tonsillar areas and the 
posterior pharyngeal wall of each person cultured. After variable intervals of time, each 
of the swabs was placed in 5 ml. of tryptose phosphate broth containing 0.1 ml. of de 
fibrinated horse blood and the broth aspirated twenty times with a 5 ml. pipette. The 
culture was incubated at 37° C. for four hours with the swab in place, after which 0.5 ml. 
of the culture was inoculated intraperitoneally into one or more Swiss mice (eight to ten 
weeks old). Peritoneal washings from mice dying within forty-eight hours were examined 
for pneumococci by the Neufeld Quellung method employing antisera for types 1 to 33.* 
Mice surviving forty-eight hours were sacrificed, and the peritoneal washings cultured on 
a horse blood agar plate. Neufeld typing was attempted employing the resultant growth 
on the plate or a subculture in horse blood broth, or both. 

In two of the three experiments each culture was inoculated into three mice. The first 
mouse inoculated was arbitrarily selected to represent results obtained by inoculating one 
animal; the first and second mouse inoculated represented the collective results with two ani 
mals, ete. In the third experiment, each culture was inoculated into one mouse. 

For purposes of analysis a given culture was scored for as many different pneumocoe 
cal types as were isolated—for example, Table IIL includes two specific types isolated from 
each of three of the ninety-one cultures obtained, hence there was a net total of nintey-fou 


cultures, 





From the Department of Preventive Medicine, School of Medicine, Western Reserve Uni- 
versity. 

' *This investigation was supported in part through the Commission on Acute Respiratory 
Diseases, Armed Forces Epidemiological Board, Office of The Surgeon General, U. S. Army, 
and by grants from the Brush Foundation, the Cleveland Foundation, the S. P. Fenn Trust, 
and Mr. Philip R. Mather. 

teceived for publication, Oct. 1, 1951. 
*Specific antisera were supplied by Lederle Laboratories and the New York State De- 
partment of Health, Division of Laboratories and Research. 


437 














STEVENS 


RESULTS 


Isolation of pneumococe’ from throat swabs stored in dry test tubes com- 
pared with immediate ineubatton of swab in blood broth.—Duplieate throat 
swabs were obtained from forty-two well persons by swabbing the throat with 
two swabs simultaneously. One swab was placed in blood broth and incubated 
mmediately ; the other was stored in a dry test tube at 21°C. for two and one- 
ialf hours before being placed in blood broth and incubated. After incubation 
f the cultures for four hours, each was inoculated into three mice. 

The results (Table 1) showed that twice as many strains of pneumococei 
were isolated from the swabs incubated immediately in blood broth as from 
swabs stored two and one-half hours in the dry state before incubation in blood 
broth. Examination of a second and third mouse increased the number of 


types of pneumococci isolated from both types of swabs. 


TABLE I. COMPARISON OF Dry SWABS AND BrRoTIL SWABS FROM 42 TNDIVIDUALS FOR THEI 


> 
ISOLATION OF PNEUMOCOCCI, 


NUMBER OF NUMBER Of} PNEUMOcCOCT ISOLATED 
MICE EXAMINED DRY SWAB BROTH SWAB 
l | 10 
” 5 1] 
, 3 12 


Storage of swab in broth compared with immediate incubation in blood 
broth.—Kach of forty-five duplieate throat swabs was placed in 5 ml. of broth 
immediately. To one of each pair, 0.1 ml. of horse blood was added and the 
culture incubated at once; the other of each pair was stored at 21°C. for two 
and one-half hours when horse blood was added and the culture incubated. 
Each culture, after four hours of incubation, was inoculated into three mice. 
The results (Table Il) showed that approximately the same number of types 
of pneumoecoce: were isolated Hy each method. 

Dry swab compared with swab in broth under field conditions.—Duplicate 
throat swabs were collected from ninety-one individuals in the home. One 
swab was placed in broth and the duplicate was placed in a dry tube. The 
delay in transporting the swabs to the laboratory varied from twenty minutes 
to two hours, and the temperature varied from approximately 19° C, to 25° C. 
Upon arrival at the laboratory, blood was added to the broth swab and blood 
broth to the dry swab. After four hours’ incubation each culture was inoculated 
into a mouse. 

Twenty-nine specific types of pneumococci were isolated from the ninety- 
one pairs of swabs; of these twenty-nine types, thirteen were isolated from both 
the dry and broth swabs. The organism was detected on broth swabs alone in 
thirteen instances and on dry swabs alone in three instances. Thus, 90 per 
cent (twenty-six of twenty-nine) of the tetal tvpes of pneumococci isolated were 
detected from the swabs transported in broth, whereas only 55 per cent (sixteen 


of twenty-nine) were detected from the swabs transported in the dry state. 
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TABLE II. ISOLATION OF PNEUMOCOCCI FROM 45 DUPLICATE THROAT SWABS STORED IN BROTH 
AND INCUBATED EITHER IMMEDIATELY OR AFTER 2% Hours (DELAYED 


NUMBER OF PNEUMOCOCCL ISOLATED BY METHOD 


NUMBER OF MICE 
OF INCUBATION 


INOCULATED BY 


EACH METHOD* IMMEDIATI DELAYED BOTH ft 
l 12 14 17 
2 13 15 IS 
3 15 16 19 


*See text. 

+Total number of different isolations from the two sets of cultures. 

There were insufficient data to evaluate the possibility that certain types 
of pneumococci were more or less resistant to loss than other types under con- 


ditions of the experiments. 
SUMMARY 


The results of this study show that many pneumococci were not recovered 
from throat swabs when the swabs were either stored or transported to the 
laboratory in dry test tubes. Transporting or storing throat swabs in broth 
reduced such losses. Inoculation and examination of a second and third mouse 
increased the likelihood that pneumococci would be detected from a throat swab. 


The technical assistance of Bernice Miraldi and Mary K. Dixon is gratefully acknowl 
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eee nage aparece miele iaeuly aaeenne 
patients with primary atypical pneumonia may decrease in titer or disappear 
after storage at ordinary refrigerator temperature (approximately 4° C.). In 
one report’ it was noted that freezing and drying two sera resulted in the de- 
struction or inactivation of cold hemageglutinins which had been present in 
exceptionally high titer. In another report? it was stated that a serum stored 
at —70° C. in sealed glass ampules maintained its titer for six months. 

Data have been obtained which indicate that sera from patients with 
primary atypical pneumonia can be stored in the frozen state (—20° C.) for at 
least three vears without loss in titer of cold hemagglutinins. 


METHODS 


Technique of Tests for Cold Hemagalutinins.—The technique employed has been pre 
sented in detail elsewhere.9, 1° Titers of sera are expressed as the reciprocal of the highest 
final dilution of serum in the tube in which definite agglutination was detected. The original 
titer of a serum was that obtained in the first test performed within one month of the date 
the blood was drawn and served as the basis of comparison with subsequent titers obtained 
after storage at —20° C. The duration of storage at —20° C. was taken as the elapsed time 
in months from the date the blood was drawn to the date of test. 

Sera.—Sera were removed from clots after twenty-four to forty-eight hours storage at 
room temperature, placed in glass vials with rubber stoppers, and stored at -20° C. Rapid 
prefreezing was not employed. For the tests, the sera were thawed in a 37° C. water bath, 
the desired quantity of serum removed, and the vials returned to —20° C. In most instances 
the vials were returned to —20° ©, within a few hours, but occasionally certain of the vials 
were stored at 4° C. for a few days. With two exceptions (Table IL), all sera were thawed 


and refrozen on one or more occasions for tests other than for cold hemagglutinins. 
RESULTS 

The influence of storage of sera at —20° C. on cold hemagglutinins was 
determined from the results of second tests performed on eighty-six single sera 
after varying periods of storage at —20° C. (Table I) and from the results of 
repeated tests on samples of two sera (Table I1). Samples of the latter sera 
(Table Il) were left undisturbed for the indicated period of storage and the 
tests were performed with erythrocytes from a single donor; the former sera 
(Table 1) had been used for other purposes, and several donors of erythrocytes 
were employed. 
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TABLE I. NUMBER OF SERA SHOWING INDICATED CHANGE IN TITER OF COLD HEMAGGLUTININS 
AFTER VARIOUS PERIODS OF STORAGE 


FOLD CHANGE 


IN TITER MONTHS OF STORAGI roTAL NUMBER 
AFTER STORAGE* 1-6 4-12 | 13-18 19-24 31-36 OF SERA 
7 >4+16 1 1 
116 9 1 rs a 
18 2 2 f 
} l D 2 2 1] 
2 B 6 2 l 7) 17 
(0) 6 7 S 2 1S 
2 6 2 3 2 1 
—4f 2 S l l 12 
8 2 l 1 l 5 
Total 24 32 1] 1 15 S6 
‘Original titer (see text) employed as baseline; 70 per cent of the sera had an original 
titer of 64 or higher. 
*This serum was + from the dilution of 1:4 through the dilution of 1:256 (titer <4) on 


the original test and had a titer of 512 when tested thirty-one months later. 


TABLE IT. Trivers or CoLpD HEMAGGLUTININS IN SAMPLES OF TWo SERA 
AFTER STORAGE AT 4° C. AND —20° C.? 


SERUM A SERUM B 
(OBTAINED 3/24/47 ) (OBTAINED 4/16/47) 
TEMP. OF STORAGE: TEMP. OF STORAGE: 
DATE OF TEST a Cl 90° c. Naga a ae OC. 
3/26/47 2O4S t 
4/17/47 2O04AS 1024 512 
7/ 2/47 1024 2048 512 1024 
7/24/47 i 1024 eZ 1024 
8/27/47 512 512 256 Sle 
11/ 4/47 512 2048 256 1024 
2/24/48 256 1024 128 512 
10/30/48 256 1024 64 256 
$/ 9/49 256 1024 256 1024 


*For storage each fresh serum was distributed to vials in volumes (0.6 ml.) sufficient 
for one test only. Thus, the date of test indicates the termination of a continuous and un- 
disturbed period of storage of a single vial of serum at the indicated temperature. \ single 
donor of the group O erythrocytes was employed for all tests and in each instance the 
erythrocytes were obtained on the day the tests were assembled. 

*Titer of cold hemagglutinins. 


The data show (Tables I and I1) that, within the limits of variation com- 
monly inherent in serologic tests involving agglutination of erythrocytes, there 
was no change in titer of cold hemageglutinins in sera stored at —20° C. for three 
years. It is believed that the changes in titer which were observed after storage 
were due to factors other than an actual change in the hemagglutinin content of 
the sera because increases in titer were observed approximately as frequently 
as decreases in titer (Table I). With the two sera in which technical variations 
were probably minimal (Table IL), there was no consistent change in titer after 
two years of storage at —20° C. Data on these same two sera stored for two 
years at 4° C. suggest that there was.a loss of titer in serum A and probably in 
serum B. 

DISCUSSION 

The results of the present study have significance in that investigations 
which involve the collection of serum specimens over long periods of time are 
dependent in some measure upon the reliability of the results of serologic tests 
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performed on stored sera. Since —20° ©. is a readily obtainable temperature 
from the practical point of view, the data indicate a practical solution to the 
problem of storage of one serologically active substance which is labile at 4° C.°* 
The results probably cannot be interpreted as indicating that all antibodies will 
not decrease in titer in sera stored at —20° C., especially since cold hemagglu- 
tinins differ in certain respects from other antibodies. 

The original titers that were emploved as the basis for comparison with 
titers obtained after storage at —20° C. were determined after the sera had been 
frozen at least once. Comparative data on titers of cold hemagglutinins in fresh 
and frozen sera were obtained only with two sera (Table II); freezing had no 
effect on these titers. 

Variations in titers of sera tested on two or more occasions (Tables | and IT) 
require two comments since they have pertinence in interpreting the results. 
Although some of the variations were extreme, the data show (/) that approxi- 
mately SO per cent of the titers in subsequent tests were within the limits of a 
fourfold (two tube) dilution of the original titer, and (2) that imereases in titer 
were observed as frequently as decreases and both were of approximately equal 
magnitude. These observations support the conclusion that the changes in titer 
were due to variables in the technique rather than to quantitative changes in 
cold hemagglutinins. 


CONCLUSION 


Human sera may be stored in the frozen state (—20° C.) for at least three 
years without appreciable loss of titer of cold hemagglutinins. 
The technical assistance of Miss Patricia Harmstead and Miss Naomi Beuhler is grate 
fully acknowledged 
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HEMOLYSIS OF RED BLOOD CELLS TREATED BY BACTERIAL 
FILTRATES IN THE PRESENCE OF SERUM 
AND COMPLEMENT 


LowELL A. RANtTz, M.D., ANN ZUCKERMAN, A.B., AND 
ELIZABETH RANDALL, M.A. 
SAN FRANCISCO, CALIF. 


—_prnaancagetinga and Dubos! have deseribed a hemagglutination reaction 
between the sera of tuberculous experimental animals or human beings 
and sheep erythrocytes treated with extracts or products of the culture filtrates 
of tuberele bacilli. More recently, Middlebrook? has demonstrated that the ad- 
dition of complement to the system will cause the sensitized red cells to hemolyze 
in the presence of antibody. 

It was obviously of great interest to extend these observations to include 
other organisms. Group A hemolytie streptococci were chosen for this purpose 
initially, and it was demonstrated that culture filtrates of these organisms were 
able to prepare sheep cells for hemolysis in the presence of certain human sera 
and complement, Later the reaction was shown to be nonspecific, the sensi- 
tizing substance being present in the filtrate of many gram-positive and oe- 
casional gram-negative bacteria. 


METHODS 


Thirteen strains of Group A hemolytic streptococci were studied. Ten had been 
isolated from clinical sources and had been preserved in the frozen state at -20° C, until 
used. They were selected as of the specific precipitin types 1, 5, 6, 12, 28, 29, 33, 41, 43, 
and 47. One was the Richards strain, and two were not typable. The latter were freshly 
isolated from human sources. One, Banks, was not mucoid, and produced very large 
amounts of streptolysin O in vitro when grown in Todd-Hewitt broth. The other, Es- 
pinoza, was persistently mucoid even after many transfers on artificial media, and pro 
duced no demonstrable antistreptolvsin O in vitro. 

All of the detailed studies of the phenomena to be described were performed with 
the filtrates of the last two strains of streptococci. A number of organisms of other 
species were used. All of these were freshly isolated from human sources and were identi 
fied by the usual bacteriologie methods. 

The medium used for the preparation of filtrates was hog liver-stomach digest broth 
at pH 7.2. The dextrose content was about 0.1 per cent. The organisms to be studied 
were inoculated to either 200 or 1,000 ml. of this medium and incubated for ninety-six 
hours as 37° C. After incubation the bacteria were removed by Seitz filtration if the 
volume of culture was one liter. Smaller volumes were clarified by centrifugation for 
thirty minutes or more at 3,000 r.p.m. This was done since it was discovered that sub- 
stantial amounts of the active principal were retained by the Seitz filter pad. 

After filtration or clarification, the pH was adjusted to 7.0 + 0.1, and the filtrates 
were distributed in 10 ml. amounts in glass tubes and stored in the frozen state at -20° C, 
They were thawed at 37° C. in a water bath just before use. 
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Tuberculin.—Old tubereulin, four times the usual skin test potency, supplied by the 
Lederle Laboratories, Pearl River, N. Y., was used in certain experiments. 

Complement.—Fresh Guinea pig serum pooled from twenty-five animals and stored in 
the frozen state was used in nearly all of the experiments as a source of complement. Lyo 
philized serum was occasionally utilized. 

Sheep Cells.—Whole defibrinated sheep blood, not more than five days old, was used 
as a source of sheep cells. It was not possible to obtain sheep blood drawn directly into 
Alsever’s solution. 

Human Sera.—Human sera were collected aseptically and stored in the frozen state 
at -20° C. until used. Antibody titers are reported in terms of the reciprocal of the 
dilution of the last tube in which there was demonstrable agglutination or hemolysis. 
Just before use the serum was inactivated at 56° C, for thirty minutes. The antistrepto 
lvsin O titers of these sera had been determined by a method previously described. 

Performance of the Test.—The demonstration of hemolysis of red blood cells treated 
by bacterial products was accomplished by the technigue described by Middlebrook.? 
No essential deviation from the methods detailed by him in Section B—I, IIT, IV, V, and 
VI—and in Section C were permitted. Minor changees in the volumes and dilution sys- 
tems as suggested by Dr. Middlebrook in a personal communication were made. 

Culture filtrates or dilutions of them were employed instead of tuberculin. They 
were always heated at 56° C. in a water bath for fifteen minutes immediately before use 
for the purpose of inactivating heat labile bacterial hemolysins. After exposure to the 
filtrates the red cells often assumed a chocolate brown color. 

RESULTS 

Tuberculin Sensitization of Red Cells—The entire procedure, exactly as 
deseribed by Middlebrook, was carried out using sera from known tubereulous 
subjects and red cells treated with tubereulin. Six sera were tested. Three had 
agglutinin titers of 8, one of 16, and two of 32. Hemolvsins were present in all 
in titers of 8 in three, 16 in one, 32 in one, and 256 in one. The two sets of 
values did not vary in parallel. 

Hemolytic Streptococci Sensitization of Red Blood Cells.—A large number 
of experiments were done in which filtrates of the two strains of Group A 
streptococci, Banks and Espinoza, were used to sensitize sheep cells which were 
then tested against various human sera in the presence of complement. Results 
of a typical experiment are presented in Table I. 

These data demonstrate that a subsiance is present in human sera in 
greatly varying concentration from subject to subject which is capable of hemo- 
lvzing cells under the conditions just described. Thus the hemolysin eoneen- 
tration of serum MS 32 was 4 units per milliliter, that of Zuck was 16 units per 
milliliter, that of MS 11 was 32 units per milliliter, and that of Bolds was 10244 
units per milliliter. If complement was omitted from the system, hemolysis did 
not occur. Under these circumstances agglutination of the treated cells was 
demonstrable. The cells tended to clump spontaneously, and the determination 
of agglutinin titers was not satisfactory. For this reason only the hemolytic 
reaction was studied in detail. 

The results were highly reproducible if the experimental conditions, in- 
cluding the poteney of the complement, were rigidly controlled. The filtrates 
were adequately potent diluted 1:25 in phosphate buffer, but the serum titers 
were lower. A dilution of 1:3 was quite satisfactory and made the test easier 
to read, as browning of the cells was less marked. 














RANDALL 





RANTZ, ZUCKERMAN, AND 

Filtrates were prepared from ten additional strains of hemolytic strepto- 
coeci of known serological types and these were used for tests with sera whose 
hemolysin titer had been determined against cells sensitized with Banks and 
Espinoza filtrates. Each of the 10 was potent and in every instance the serum 
titers were the same when these or the standard filtrates were used. These data 
are not presented in detail. 

These studies demonstrated that the essential red cell sensitizing material 
was uniformly produced by different types of Group A streptococci. 

Filtrates of a strain which formed large amounts of hyaluronic acid and 
very little streptolysin O (Espinoza), and another which made little of the 
former and very large amounts of the latter (Banks) contained comparable 
amounts of the critical substance. 

Sensitization of Red Cells byFiltrates of Other Organisms.—No other at- 
tempts were made to characterize the red cell sensitizing substance but it was 
desirable to determine whether filtrates of other organisms would have a similar 
effect. Supernatants were prepared for this purpose by the high speed cen- 
trifugation of cultures of a variety of organisms and these were used in the 
test exactly as were streptococci filtrates in the experiments just described. 

Three strains of Micrococcus pyogenes, variety aureus, coagulase positive, 
one of pneumococcus, one of nonhemolytie enterocoecus, and one of Pseudomonas 
sp. all produced highly potent filtrates. Two strains of hemolytic enterocoecus 
were also active but produced the effective agent in smaller amounts. All of 
these filtrates caused browning of the red cells. A strain of Micrococcus sp. 
and another of a nonhemolytie streptococcus formed a heat stable hemolysin and 
could not be used for testing. 

Filtrates of cultures of two strains of EF. coli, one of a Salmonella of the 
Kauffman-White group C., and one of Proteus sp. were completely inert and 
failed to sensitize the red cells. None of these extracts caused browning of the 
red cells. 

Cells coated with the concentrated tuberculin diluted 1:4 and 1:12 failed 
to hemolyze in the presence of the sera which were active against cells treated 
with the products of streptococci and other organisms. Such cells were actively 
hemolyzed by sera from tubereulous human beings. 

Methemoglobin Formation.—The fact that browning of the red cells oe- 
curred with potent filtrates and not with others prompted a study of the ab- 
normal pigment. Examination of the solution of red cell contents obtained by 
lysing samples of treated red cells in distilled water revealed the characteristic 
spectroscopic absorption pattern of methemoglobin. 

This substance was then formed in red cells untreated with bacterial fil- 
rates by exposing 25 ml. of a 0.5 per cent suspension of red cells in buffer to 
15 ml. of a 1 per cent solution of sodium nitrite for twenty minutes. The 
chemical was then removed by washing three times with buffer. 

Red cells treated in this way looked exactly like those sensitized by bac- 
terial filtrates but, when they were used in the immunologic system, no hemol- 
ysis occurred with potent sera. Methemoglobin formation per se is not re- 
sponsible for the hemolysis described in this report. 
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Antibody Titers—The concentration of hemolysin in the serum of healthy 
medical students and children, and in acute rheumatic fever were estimated by 
the usual procedures described above using the filtrate of Group A streptococcus 
Banks as the red cell sensitizing agent. For this preliminary survey titers were 
not determined beyond 80 units per milliliter. The results are presented in 
Table IT. 

TABLE II. SERUM HEMOLYSIN TITERS IN HEALTHY MEDICAL STUDENTS AND CHILDREN, 
AND IN ACUTE RHEUMATIC FEVER 


SERUM HEMOLYTIC TITER 
IN UNITS PER ML. 


SOURCE OF SERUM NUMBER < 10 10 20 4() S04 
Healthy medical students 55 17 13 5 10 10 
Healthy children 18 6 5 5) 2 0 

4 to 8 years of age 
Acute rheumatie fever a 0 0 l 2 0 


3 to 16 years of age 


The antibody was present in measurable amounts (> 10 units per milliliter) 
in the serum of 76.0 per cent of fifty-five healthy voung adults and in large 
amounts (80 or more units per milliliter) in 18.2 per cent. The values in a 
small group of healthy children from 4 to 8 years of age and in a few cases of 
acute rheumatic fever were different in that the hemolysin levels were never 
greater than 40 units per milliliter. 

There was absolutely no correlation between the concentration of sensitized 
sheep cell hemolysin and that of antistreptolysin O in these sera, nor with the 
blood groups of the subjects. 

Absorption experiments were carried out in which 1.0 ml. of a 1:4 dilution 
of high titered sera was exposed to 0.5 ml. of packed coated and uncoated sheep 
cells at 3° C. for two hours. The hemolysin titers were then determined in the 
usual way after removal of the sheep cells by centrifugation. In a typical ex- 
periment the hemolysin titer of one serum before and after absorption with un- 
treated sheep cells was 256. After absorption with coated cells the level fell 
to 32. Similarly the hemolysin concentration of another serum was reduced 
from 64 to 4. 

DISCUSSION 

The experiments described in this paper have demonstrated that bacterial 
filtrates are capable of sensitizing sheep red cells so that they are hemolyzed in 
the presence of certain human sera and complement. In the absence of com- 
plement, the sensitized cells were agglutinated. A detailed study of this phase 
of the problem was not made. 

The effective bacterial substance was not species specific, but was produced 
by several gram-positive organisms, including Group A streptococcus, Micro- 
coccus pyogenes, Var. aureus, pneumococeus, enterococcus, and one gram-negative 
bacillus, a Pseudomonas sp. All other gram-negative organisms studied were 
inactive, including strains of FE. coli, Salmonella sp., and Proteus sp. 

The nature of the sensitizing substance was not determined. It was not 
inactivated by exposure to 56° C. for thirty minutes, and was not present in 











448 RANTZ, ZUCKERMAN, AND RANDALL 


tuberculin used for coating cells for the Middlebrook test which demonstrates 
hemolysins in tuberculous serum. The reaction was demonstrated not to be 
the result of the formation of methemoglobin which oceurred when red cells 
were exposed to certain filtrates. 

A true immunologic process appears to be involved in the hemolysis of 
sensitized cells, since the phenomenon does not oceur in the absence of comple- 
ment. The component in serum responsible for the reaction is presumably an 
antibody. It is absorbed onto the coated cells, and is heat stable. The con- 
centration of the hemolysin in the serum varies greatly from person to person. 

Serum hemolysin titers were identical when the sheep cells were treated 
with the potent filtrates of any of several bacterial species. The antibody con- 
centrations in a small group of children were lower than in voung adults, and 
were low in acute rheumatic fever. 

The ultimate significance of the demonstration of the hemolysis by human 
serum and complement of red cells sensitized by bacterial filtrates has not been 
determined. It is evident from these studies and those of Middlebrook that 
bacterial products may alter red cells and make them susceptible to damage by 
immunological processes. Whether these phenomena may have any role in the 
pathogenesis of any of the manifestations of infection, in hemolytie anemia, or 
in any of the disorder in which immunologic hypersensitivity may play a role 
remains to be decided. 

Investigation of these possibilities, as well as a more elaborate investigation 


of the fundamental process itself, is in progress. 


SUMMARY 
The treatment of sheep red blood cells with filtrates of several bacterial 
species makes them susceptible to hemolysis by certain human sera in the pres- 
ence of complement. There is a wide variation in the titer of hemolysin present 
in the sera from different healthy human beings, and the levels are the same 
regardless of the species of bacterium used in preparation of the red cell sensi- 


tizine’ filtrates. 
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AND 


INTRODUCTION 


N SPITE of the large amount of work that has been done on this lethal factor 
| in ionizing radiation injury, the pathogenesis of the hemorrhagic state is 
still poorly understood. All investigators are agreed that there is a marked 
thrombocytopenia in the bleeding irradiated animal. In addition, increased 
capillary fragility, blood coagulation defect, and ulcerations into large blood 
vessels have been described as contributing to, or as the primary causes of, the 
fatal hemorhage. The blood coagulation defect has been considered by some! 
a result of the release of heparin or heparinlike substances, but this has been 
disputed by others.2-* Since hyperheparinemia can be satistactorily treated by 
such comparatively nontoxic antiheparin substances as protamine sulfate and 
toluidine blue, it was considered desirable to explore further the nature of the 
hemorrhage produced by radiation injury with respect to the presence or ab- 
sence of circulating anticoagulants. Various experimental animals have been 
used in the past, but it was considered desirable to use dogs in these studies to 
enable direct comparison with previous work. 


MATERIALS AND METHODS 


Experimental Animals.—Ten American male foxhounds, Walker breed, were used. The 
ages at the time of irradiation were between 12 and 18 months. Following irradiation, 
the dogs were housed in individual metabolism cages and maintained on a diet of Purina 
Dog Chow with a daily supplement of horse meat. Prior to irradiation, all dogs were 
dewormed three times with hexylresorcinol and butyl chloride. The dogs received no 
other treatment before or after irradiation. 

Technique of Irradiation —All of the dogs were given a total of 600 r. of 2 million 
volt x-rays. The irradiation was given in two doses of 300 r. delivered to each side of the 
body. Irradiation factors have been described.5,6 With this irradiation technique, the 
median lethal dose is 315 r. The dose of 600 r, has been uniformly fatal for more than 200 
dogs. Death occurs between the sixth and fourteenth days after exposure. Two of the dogs 
(No. 84 and No. 85) were irradiated on July 5, 1950; the remaining eight dogs were 
irradiated simultaneously on July 21, 1950. 

Technique for Obtaining Blood.—All venepunctures were performed by the same in- 
dividual (FE. P. C.), using sterile nonsiliconed 20-gauge needles. Clean, nonsterile syringes, 
lubricated with silicone oil,|| were used. Venepunctures were performed on a foreleg vein 
with the use of a tourniquet. 
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Hematologic Studies.—The following studies were performed on venous blood three 
times during a control period of one week prior to irradiation, and then daily on each dog 
after irradiation. 

(a) Hemoglobin as oxyhemoglobin: expressed in grams per 100 milliliters? 

(b) Hematocrit: expressed in per cent, using the technique of Wintrobe.8 

(c) Leukocytes: expressed in 1,000s per cubie millimeter. Blood was diluted with 2 per 
cent acetic acid, using a dilution of 1 to 20 until the total count fell below 1,000 per 
cubie millimeter, at which time a dilution of 1 to 10 was used. The counts were performed in 
the usual manner. 

(d) Differential leukocyte counts were performed on Wright-stained cover slip smears. 
One hundred cells were counted when possible. 

(e) Platelets: expressed in 1,000s per cubie millimeter. Platelets were counted by the 
phase contrast method of Brecher and Cronkite.9 

(f) Whole-blood clotting time: expressed in minutes. One milliliter of whole blood 
was added directly from the syringe to each of three chemically cleaned 12 mm, by 75 mm. 
Pyrex test tubes, immersed in a water bath at 37° C. The stopwatch was started at the 
time that blood was first seen in the syringe. Tubes were observed at the end of four minutes, 
and thereafter every thirty to sixty seconds during the next fifeen minutes. When the clotting 
time was in excess of twenty minutes, the period between observations of the tubes was in- 
creased. The end point was that time at which the tubes could be inverted with no flow of 
the surface of the blood or of the sedimented red cells. The time is recorded in minutes for 
the longest of the three tubes. 

(g) Clot retraction and lysis of the clot were observed in one of the tubes in which 
the whole blood clotting time was determined. Observations were made at the end of twenty 
four hours, during which time the tubes were maintained at 37° C. in a water bath, 

(h) Plasma fibrinogen: expressed in grams per 100 milliliters of plasma. Isolation 
of fibrinogen as fibrin was performed by the technique of Cullen and Van Slyke, as modified 
by Hawk, Oser, and Summerson.1° 

(i) One-stage prothrombin time expressed in seconds was determined by the method 
described by LeRoy, Halpern, and Dolkart.1! 

Studies for the Detection of a Circulating Anticoaqulant.—The following three tests 
were performed on the dogs during the period of controlled observation and at frequent 
intervals following irradiation. 

(a) Conley’s technique for the detection of circulating anticoagulants: A modification 
of the technique described by Conley and associates!2 was used. The test was modified as 
follows: (1) 20-gauge needles were substituted for the 18-gauge needls, (2) the needles 


were not siliconed, (3) syringes were lubricated with GE silicone oil, (4, a single-stage cen_ 


trifugation was performed to remove the cellular elements and platelets, and (5) the plasma 
was aspirated from the sedimented cells with a silicone-oiled syringe and silicone-oiled 17- 
gauge needle. 

Results with Conley’s tests are recorded in four categories: (1) positive (the unknown 
platelet-poor plasma prolonged the clotting time of normal whole blood by a factor of 2 or 
more). (2) Questionable (the unknown plasma prolonged the clotting time of the normal 
whole blood slightly beyond the simultaneous control, but the prolongations of this magni 
tude would fall within the normal range for repeated determinations on blood from the 
same animal). (3) Negative (when the clotting time of the normal whole blood was not 
prolonged by the unknown plasma). (4) Unsatisfactory (when the unknown plasma 
clotted before Conley’s test could be set up. Ordinarily, plasma prepared in this manner 
remained fluid for at least one hour. When clotting occurred in less than 30 minutes, it 
was attributed to technical errors). ; 

Platelet counts on ‘‘platelet-free’’ plasma were performed as described above, 





except that a 1 to 10 dilution was used rather than the standard technique, and in addition 
1 sq. mm. of the counting chamber was counted, All of the Conley type tests were per 


formed by the same observer (D. P. J.). 
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DAILY RESULTS OF CLOTTING STUDIES ON IRRADIATED Dogs 


CLOTTING PLATELETS 
TIME x 103 
(MIN.) CU. MM. 
12.5 330 

268 
230 

14.0 240 

22.0 320 

22.0 210 
17.0 250 
18.0 290) 

30.0 194 

32.0 160 

35.0 059 

28.0 030 
>> 2 ‘hr. 0.326 

60.0 0.002 


>6 hr. 0.000 


ES 450 
11.5 300 
15.0 292 
18.0 330 
25.0 250 
22.0 250 
14.0 262 
18.0 4g bs 
32.0 240) 
29.0 130 
37.0 090 
84.0 012 
>2 hr. 0.000 
6.0 250 
Loo 370 
8.0 280 
20.0 
20.0 235 
18.0 235 
18.5 345 
25.0 255 
29.0 245 
34.5 165 
18.0 O85 
76.0 O15 
6 hr. 003 
9 hr. 003 
13.0 360 
12.0 350 
18.0 345 
19.0 
16.0 305 
21.0 350 
i Wy ges 410 
20.) 260 
22.0 265 
36.0 125 
60.0 065 
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PROTAMINE 


CONLEY’S ALLEN ’S HEPARIN 
rEST TES RAT O 
Neg. 0.10 TP és ] 
L.75/1 

Losi 

Unsatisfactory 1.75/1 

Neg. 2.623/1 
0.12 L.75/1 

Neg. 0.14 1.70/1] 
Neg. 0.12 1.75/1 
Neg. 0.16 73/1 


30> min. 
Post mortem 


Neg. 0.10 Liwo7s 

1.75/1 

1.75/1 

1.75/1 

Unsatisfactory L.75/1 

Pos. 2.625/1 

0.12 1.75/1 

Unsatisfactory 0.12 1.75/1 
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Neg. 0.12 1.75/1 

Unsatisfactory 0.14 L.730/1 

Neg. 0.16 L7Ja/) 
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Neg. 
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CLOTTING 

TIME 

MIN. 
5.0 
16.0 
14.0 
20.0 
14.0 
14.0 
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PS.0 
30.0 
94.0 
68.5 


>24 hr 


11.0 
21.0 
18.0 
19.0 
16.0 
14.5 
17.0 
21.0 
27.0 
18.0 
28.0 
58.0 
86.5 
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>9 hr. 
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59.5 


120.0 


>9 hr. 
>9 hr. 


17.0 
10.0 
14.0 
17.0 
19.0 
14.0 
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TABLE I—CONT’D 


PROTAMINI CLOTTING PLATELETS 
DOG DAY CONLEY'S ALLEN ’S HEPARIN IMF x 108 
NUMBER NUMBER TEST TEST RATIO (MIN. CU. MM. 

Lio/] 15.0 190 
106 Control Neg. 0.12 L7o/1 10.0 200 
L.f0/]] 13.0 390 

1 
2 12.5 220 
a Las) 14.5 310 
4 Neg 1.79/1 21.0 305 
5 L571 22.0 250 
6 Neg. 0.12 Losi 35.0 135 
7 0.14 1.75/] 18.5 125 
S Neg. 0.14 Lz fa 58.0 OSO 
9g Neg. 0.16 Los] 101.0 030 
10 Neg. 0.16 1.75/] >6 hr. OO] 

Death—10th day 

1L.75/] 17.0 120) 
108 Control Neg. 0.10 L.7o/] 10.0 300 
1.75/1 18.5 04 

1 
o 16.0 395 
3 L73/1 16.5 ate 
4 Neg. 1.75/1 21,0 300 
5 1.75/1 27.0 270 
6 Neg. 0.14 eal 26.0 905 
‘4 0.14 L.75/1 0.0 130 
Q Neg. 0.16 1.75/] 59.0 055 
9 Neg. 0.16 L371 ~S ht, 0035 
10 Questionable 0.16 1L.75/1 >6 hr. 0.000 


Death 10th day 


(b) Allen’s whole blood protamine-heparin titration: A modification of the technique 
described by Allen and co-workers!3 was used. The points at which the technique was 
modified were: (1) a 20-gauge needle was used, (2) powdered Connaught heparin was used 
from which a solution containing 5 mg. of heparin per milliliter of normal saline was pre 
pared, (3) 5.5 ml. of blood were added to a conical graduated centrifuge tube containing 
0.1 ml. of this heparin solution (i.e., 0.5 mg. of heparin). and (4) a series of 5 (rather 
than 10) tubes containing increasing amounts of protamine sulfate ranging from 0.08 to 
0.16 mg., or 0.10 to 0.20 mg. were set up. Allen’s test was said to be abnormal when the 
amount of protamine sulfate required to clot heparinized whole blood was 0.16 mg. o1 
more, 

The same observer (B. H.) performed all of these tests, and, on most oceasions, a 
normal, nonirradiated control animal was run simultaneously with the postirradiated 
animals. 

(¢) LeRoy’s heparin-protamine titration test, using oxalated plasma, was performed 
in the manner deseribed by LeRoy, Halpern, and Dolkart.11. The test was said to be abnormal 


when the ratio « 


f protamine to heparin at which the fastest one-stage prothrombin time 


occurred was greater than 1.75 to 1. The same observer (B. H.) performed all of these tests. 
RESULTS 

Clinical Observations.—Purpura of the oral mucous membranes and the 
skin appeared in all of the dogs prior to death. The earliest onset of purpura 
was the seventh day, and all dogs had evidence of purpura by the tenth day 
after irradiation. In general, purpura was more severe in the dogs that lived 
the longest. Other manifestations of a hemorrhagie state, such as melena and 
hematuria, occurred in these animals. At autopsy all showed extensive evidence 
of diffuse hemorrhage throughout their organs, with the exception of the brain. 








454 JACKSON, CRONKITE, LEROY, AND HALPERN 


One dog had a small cerebral hemorrhage. The gross and microscopic pathologic 
effects of radiation which occurred were similar to the lesions that have been 
described amply by others.'*'® From the fourth day before death until death 
there was a rapid increase of the body temperature, and, on the last day of life, 
the mean temperature was 105.5° F. Death occurred between the eighth and 


thirteenth day. 
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Fig. 1.—Mean values for whole-blood clotting time and platelet count after irradiation. The 
shaded envelopes include the range of the daily values. 


Hematologic Studies.—Aftter irradiation, the decrease in the hemoglobin, 
hematocrit, and leukocyte count occurred in the manner which is typical for 
dogs exposed to such a dose of x-rays. As an average, the leukocyte count was 
1,000 or less from the sixth day on. In Fig. 1 are plotted the daily mean platelet 
counts and the mean whole-blood clotting times, along with the range, for the 
ten dogs. From the figure it can be seen that during the first four days follow- 
ing irradiation the platelets did not decrease.* Thereafter, the platelets de- 

*In our experience there is considerable variation_in the platelet count during the first 
four days after exposure to a lethal dose of radiation. The usual result is either no significant 
change, or a slight decrease. Other workers have reported decreased values from the day 


of irradiation. Since the methods of counting vary, it is difficult to account for the discrep- 
ancies. 
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creased rapidly until they reached nearly zero by the tenth day after irradia- 
tion. Beginning on the sixth day there was a progressive increase in the whole- 
blood clotting time. From Fig. 1 there appears to be a relation between the fall 
of the platelets and the rise of the whole-blood clotting time. 

Studies of Blood Coagulation. 


(1) Whole-blood clotting time: The whole-blood clotting time remained 
within normal limits for the first five days (Fig. 1). The first significant in- 
crease in the mean clotting time occurred on the sixth day after irradiation, and 
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Fig. 2.—Menn values and range of the plasma fibrinogen concentration after irradiation. 





thereafter the mean and range showed a steady increase. Each of the ten dogs 
used in this experiment had a whole-blood clotting time of one hour or longer 
by the day of death, and five of the ten dogs had clotting time of one hour or 
longer for two days or more preceding the day of death. 

(2) Twenty-four hour clot retraction: Complete absence of clot retraction 
at twenty-four hours was observed in all of the ten dogs at some time prior to 
death. In those dogs surviving nine days or longer, no retraction was observed 
after the eighth postirradiation day. 
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(3) Twenty-four hour lysis of clot: Lysis of the clot at the end of twenty- 
four hours was observed in seven of the ten dogs on the last day of life. 

(4) Plasma fibrinogen: In Fig. 2, the mean value and the range of the 
plasma fibrinogen are plotted. Beginning on the fourth day there was a slow 
increase in the fibrinogen concentration. Irom the eighth day until death, the 
fibrinogen concentration was at least twice as high as the control levels. The 
nature of the clot formed in the one-stage prothrombin system manifests the 
increased plasma fibrinogen concentration as the clot beeame bulky and much 
firmer. 

(5) One-stage prothrombin time was performed daily on each dog (total 
of sixty-seven tests) as a part of the heparin-protamine titration test using 
oxalated plasma. There was no significant difference between the prothrombin 
time before and after irradiation. The values before and after irradiation 
ranged from 94 to 104 per cent of normal prothrombin time. 

(6) Studies for the detection of a circulating anticoagulant: Table I pre- 
sents in tabular form, for each of the ten dogs, the day-by-day results of Con- 
lev’s, Allen’s, and LeRov’s tests, as well as the platelet counts and whole-blood 
clotting time. Table IT presents a summation of the incidence of various re- 
sults with Conley’s, Allen's, and LeRov’s tests that were performed during the 
postirradiation period, 

(a) Conley’s Technique for the Detection of Circulating Anticoagulants: 
The daily results of Conleyv’s test are given in Table I. An unexplained 
vbservation was the occurrence of a positive test on dog No. 92 during the con- 
trol period. However, three subsequent control tests, as well as all of the post- 
irradiation Conley’s tests on this dog, were negative (see Table 1). No explana- 
tion for the occurrence of this positive test during the control studies is known. 

In summary, following 600 r. total body irradiation, the results of Conley’s 
test for the detection of circulating anticoagulants were as follows for the ten 


dogs: 


_— 


1. The test remained negative throughout in 
(Nos. 86, 89, 90, and 106) 
2. Questionably positive tests on the last day of life 
(tenth postirradiation day) in 2 dogs 
(Nos. 85 and 108) 
3. Questionably positive test on the fourth post 


dogs 


irradiation day only, in 1 dog 
(No. 92) 
4. Questionably positive tests on the eighth and ninth 
days (same dog) only, in 1 dog 
(No. 93) 
5. Test positive on fifth postirradiation day only, in 1 dog 
(No. 91) 
6. Test positive on the last day of life (twelfth post 
irradiation day) only, in 1 dog 
(No. 84 
Total 10 dogs 


(b) Allen’s Whole Blood Protamine-Heparin Titration: The normal range 
for this test in our laboratory for normal dogs was 0.10 to 0.14 mg. protamine 





sulfa 
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te (Table I). In summary, following 600 r. 
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sults of Allen’s test were as follows: 


1. The test remained within the normal range in 


(Nos. 84, 


85, 86, 89, and 93) 


2. Abnormal test on a sample of blood obtained thirty 
minutes post mortem in 


(No. 90) 


(Nos. 91 


3. <bnormal test on the last two days of life in 


and 106) 


1. Abnormal test on the last three days of life in 


(Nos. 92 


and 108 
Total 
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total-body irradiation, the re- 


(ec) LeRoy’s Heparin-Protamine Titration of Oxralated Plasma: In the 
control studies on normal dogs, the ratio or protamine to heparin at whieh the 
fastest one-stage prothrombin time was obtained was invariably 1.75 to 1 


administered intra- 


on the clotting time of 
in vitro (open 


The addition of an appropriate amount of protamine to any of the 


circle). 


treated 
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(Table I). Following 600 r, total-body irradiation, the following results were 
obtained in 8 dogs: 


1. Normal ratios daily in 6 dogs 
(Nos. 86, 89, 92, 93, 106 and 108) 
2. Abnormal ratio on the 5th day, normal thereafter in 2 dogs 


(Nos. 90 and 91) 
Total S dogs 

When this heparin-protamine titration test is performed on oxalated plasma 
of dogs injected with increasing amounts of heparin, a characteristic result is 
obtained which is illustrated in Fig. 3. The vertical lines demonstrate the in- 
creased sensitivity of such plasma to the small amount of heparin added in vitro 
for the test. The results obtained from a typical irradiated dog are displayed 
in a similar manner in Fig. 4: It is apparent that the oxalated plasma from this 
animal did not exhibit any significant change in sensitivity to heparin added 
in vitro. The experimental results, therefore, are clearly incompatible with an 
actual increase in the concentration of heparin in the plasma of the irradiated 


dogs. 
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Fig. 4.—The effect of the addition of heparin (10 wg per milliliter) in vitro to samples 
of oxalated plasma obtained from dog 86 before and after 600 r. of whole-body x-irradiation. 
The daily variations in the control one-stage clotting time (solid circles) and the clotting 
time of oxalated plasma plus heparin (open circles) do not differ significantly from the control 
tests made on the same dag. 











DISCUSSION 

A hemorrhagic state associated with defective coagulation of blood can be 
attributed to a deficiency of one or several of the substances required for clotting, 
or to the presence of one or several substances which can inhibit clotting, or to 
some combination of these conditions. From the standpoint of practical therapy, 
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TABLE II. RESULTS OF TESTS FOR PRESENCE OF AN ANTICOAGULANT BEFORE AND 
AFTER X-IRRADIATION 


CONLEY’S TEST 


| a 
| S) 
2 z 
t Zz eS n PROTAMINE: 
a be > & HEPARIN ALLEN ’S TEST 
= ny < Be RATIO MG. PROTAMINE SULFATE 
= 2 7 Z 1.75/1 | OTHER |0.10]0.12 | 0.14 | 0.16 >0.16 |0.18 | >0.18 
Controls l 0 11 - 21 0 7 6 4 
After 600 r. 2 MS 15 12 65 2 7 20 13 2 3 0 3 


X-TAYyS 


it is of the utmost importance to ascertain the cause of defective coagulation of 
the blood resulting from radiation injury. In the present study three special 
techniques for the detection of circulating anticoagulants were used. The re- 
sults are summarized in Table II. Conley’s test requires the preparation of 
‘‘platelet-free’’ or ‘‘platelet-poor’’ plasma, which is added to freshly-drawn 
normal whole blood, the clotting time of which is then measured, It is a sensi- 
tive system, and one which permits the demonstration of the effect of small 
amounts of an anticoagulant, either added to the plasma or naturally present 
in it. It is not possible with Conley’s test to determine the nature of such anti- 
coagulants as may be detected. Sinee normal whole blood is the indicator used, 
a certain variability in the response is inevitable. In the present study, Con- 
ley’s test was performed successfully fifty-two times, and was certainly positive 
only twice. 

The heparin-protamine titration tests of Allen and LeRoy depend on a 
curious phenomenon which is not understood. When normal blood is treated 
with a specified quantity of heparin, a definite amount of protamine sulfate will 
restore the clotting time to normal. The ratio of the protamine required to the 
heparin added appears to be constant for normal whole blood or normal oxalated 
plasma. When blood which is hypocoagulable is treated in this way the amount 
of protamine required will exceed the normal ratio, if the abnormal clotting is 
due to heparin or heparinlike material. In the case of blood obtained from pa- 
tients under treatment with heparin, a characteristic increase in the protamine 
required (i.e., in the ratio) is found. Using whole blood (Allen’s method) 
fifty-one successful tests were performed on the group of irradiated dogs, eleven 
of which were abnormal. In five of the ten dogs, the tests were normal on every 
occasion. It is of interest to report that on many occasions when the elotting 
time of whole blood exceeded one hour, samples of such blood treated with 
protamine in the Allen test had clotted in less than one hour. The significance 
of this observation is not known. 

The heparin-protamine phenomenon also was studied using oxalated plasma 
With a one-stage prothrombin time test as the indicator (method of LeRoy, Hal- 
pern, and Dolkart). This technique is somewhat more reproducible than that 
using whole blood, and the combining ratio of protamine and heparin is eon- 
stant. In the group of irradiated dogs this test was performed sixty-seven times, 
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and was abnormal on one occasion in each of two dogs. The entire pattern ot 
the behavior of oxalated plasma from irradiated dogs with abnormal bleeding 
was entirely unlike that of plasma from dogs to whom heparin had been given. 

Although an occasional single test suggested that the defectively coagu- 
lating blood, postirradiation, contained a circulating anticoagulant, there was 
no eonsisteney in the results of the three tests used. On no oceasion were all 
three tests abnormal on the same day, and on only one oceasion were two of the 
three abnormal at the same time. It seems proper to consider the occasional ab- 
normal result as a laboratory error, and not as evidence of the sporadic oc- 
currence of an anticoagulant. Nevertheless, it is entirely possible that an anti- 
coagulant of some type may oecur sporadically. In this connection it should 
he noted again that when Allen’s test was performed with hypocoagulable blood, 
the addition of protamine in vitro regularly reduced the clotting time toward 
normal, in spite of the fact that heparin had been added previously. This ean- 
not be attributed simply to the effects of handling the whole blood, since a c¢om- 
parable result has been observed when protamine or toluidine blue is given 
intravenously. It appears that the action of these antiheparin agents remains 
to be explained. 

It was regularly observed at autopsy that the blood clotted firmly within a 
few minutes of the initial incision, This observation is not surprising, in view 
of the elevated concentration of fibrinogen which was found commencing on the 
sixth day after irradiation. The determinations of prothrombin time, using 
the one-stage method, were normal on every occasion. The method used an ex- 
cess of thromboplastin in order that the clotting time of oxalated plasma should 
be a convenient value. It is unlikely that any of these methods were sufficiently 
sensitive to demonstrate the existence of antithromboplastins. 

The principle, obvious defect in the clotting svstem of these irradiated dogs 
was the thrombocytopenia. Since the results showed an increase of fibrinogen, 
an adequate concentration of prothrombin, and inconclusive evidence of a cir- 
culating anticoagulant, it appears that the abnormal clotting was caused by the 
decreased number of platelets resulting from radiation injury to the bone 
marrow. 

Since these studies were made on dogs of the same breed, irradiated simul- 
taneously, and subjected to identical procedures, the results should be con- 
sidered significant. Any study of abnormal clotting of blood is attended by un- 
certainty due to technical conditions which are often difficult to control. It is 
possible to reduce this technical uncertainty by simultaneous treatment of the 
subjects, and simultaneous analysis of the material. In the present study each 
operation was performed by the same observer, at the same time of day, and 
all the tests on the group of animals were performed with the same batehes of 
reagents. Under these conditions, the negative evidence for the existence of 


a circulating anticoagulant is impressive. 





SUMMARY AND CONCLUSIONS 
1. The hemorrhagic state ocurring in severe radiation injury was studied 


in ten dogs exposed to 600 r. of whole-body x-radiation. 
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2. The oceurrence of abnormal coagulation of the blood, spontaneous 
purpura and thromboeytopenia were closely related. 
3. No conclusive evidence was found for the presence of a circulating anti- 
coagulant of the type that could be detected by Conley’s test, or by heparin- 
protamine titration tests. 

4. Specific tests for antithromboblastins and antithrombins were not per- 
formed. 

D. It appeared that the clotting defect, postirradiation, was due to the 
decrease in the number of circulating platelets. 


The authors wish to acknowledge the technical assistance of Chief Hospitalman 
D. C. Eltzholtz, U.S.N.; Chief Hospitalman P. K. Schork, U.S.N.; Chief Hospitalman C. R. 
Sipe, U.S.N.; Chief Hospitalman J. H. Pierce, U.S.N.; Miss Mildred Waters, Biological 
Aide. The cooperation of the Radiation Technology Division, Naval Medical Research 
Institute, and Commander F, W. Chambers, Jr. (M.S.C.) U.S.N., and Commander Jasper 
Morgan, (M.8.C.) U.S.N.; and of the Radiology Division of the Naval Ordnance Labora 
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THE TREATMENT OF POSTIRRADIATION INFECTION WITH 
ANTIBIOTICS; AN EXPERIMENTAL STUDY ON MICE 
C. PHitur MILuer, M.D., CaroLYN W. HAMMOND, Pu.D.., 
MARIANNE TOMPKINS, B.S., AND GERTRUDE SHORTER 
CHicaGco, ILL. 


REVIOUS reports’? from this laboratory have deseribed experiments which 

demonstrated the occurrence of bacteremia in a large proportion of mice 
during the second and third weeks after their exposure to 450 or 600 r total 
body x-radiation. The bacteremia was caused by microorganisms normally 
present in the lower intestinal tract. Since this generalized infection de- 
veloped during the period of greatest mortality the conclusion was drawn that 
infection plays a significant role in death from radiation injury. The follow- 
ing experiments support the validity of that conclusion by showing that the 
administration of suitable antibiotics effectively controls such infection in 
irradiated mice.* 

Howland and associates" have reported that the administration of aureo- 
myein prolonged the lives of rats and dogs irradiated with lethal doses of 
x-ray, and that the drug was more effective than chloramphenicol, streptomy- 
cin, sulfadiazine, or penicillin. In a later experiment, however,’ aureomyein 
failed to reduce the mortality of irradiated rats, but did lessen the incidence 
of diarrhea. Furth and Coulter® have reported that death occurred in only 
two of five irradiated dogs treated with aureomycin, as compared with four of 
five controls. 

In a larger series of dogs, Allen, Moulder, and Enerson’ found that aureo- 
myein prolonged life and lessened the weight loss which occurs after irradiation. 

Cronkite’® administered penicillin to some of the goats exposed to ionizing 
radiation at the atomie bomb tests at Bikini. Ilis data suggested that some 
benefit may have resulted from this treatment, but the lack of an adequate 
number of controls prevented him from drawing any definite conclusions. 
More recently Cronkite and Jackson" found that three of four dogs treated 
with penicillin and aureomyein survived irradiation with 400 r, a dose which 
killed 89 per cent of nineteen untreated dogs. Antibiotic therapy was not 
begun until ulceration and fever had developed. 

Koletsky and Christie’? found that treatment with streptomycin and peni- 
cillin in combination effectively reduced the thirty-day mortality of rats in- 


jected with radioactive phosphorus. 
METHODS 


Mice.—During the course of these experiments, which have extended over 
a period of two years, three strains of mice were used. The experiments were 


From the Department of Medicine and the Institute of Radiobiology and Biophysics, 
The University of Chicago. 
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teceived for publication, Sept. 21, 1951. 

*Preliminary reports have already appeared,.*-5 
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begun in May, 1949, with Maple Grove Swiss mice. In April, 1950, these mice 
began to show heavy infestations with mouse tapeworm, and their use was dis- 
continued, Carworth CF #1 mice were substituted and used until October, 
1950, when the incidence of infection with Salmonella typhimurium reached 
troublesome proportions. Since that time the RAP strain of Rockland Farms’ 
mice has been used. 

All of the Maple Grove mice were young adult males. The age of these 
animals was not known; at the time they were irradiated they weighed from 18 
to 22 grams, with an average of 20 grams. The Carworth CF #1 and the Rock- 
land mice were young adult females ten weeks old at the time they were x-rayed. 

All mice were held in a quarantine room for one week before irradiation, 
after which they were transferred to a second room. The temperature of both 
rooms was maintained at 73° to 78° EF. The humidity was not controlled. 

During the period of quarantine the mice were housed in sheet metal cages 
measuring 13 by 18 by 8 inches. After irradiation they were usually kept in 
stainless steel cages measuring 14 by 10 by 614 inches. 

The floors were covered with wood shavings. The cages were changed 
every week and sterilized. The numbers of mice confined in the larger cages 
never exceeded 40, and in the smaller cages 15 to 20. 

Diet.—Pellets of ground food were fed to mice which received subeutaneous 
injections. In the first few experiments Purina Dog Checkers were used; in all 
of the rest, mouse pellets made by Derwood Mills according to a formula pre- 
seribed by the Argonne National Laboratory were used. 

In experiments involving the oral administration of drugs, the mice were 
fed on ground food made by Derwood Mills, which contained the same ingredi- 
ents as the pellets. It was made available to the mice in metal feeding troughs, 
provided with covers which minimized contamination by feces and urine.* The 
drug was administered by incorporating it into the ground food. 

Water bottles were changed every morning. The importance of daily 
sterilization of water bottles and drinking tubes will be discussed below. 

Method of Irradiation.—All of the irradiation was earried out at the Ar- 
gonne National Laboratory.t The mice were subjected to total body x-radiation 
in a single exposure, delivered at 250 kv., 15 ma., at a distance of 27 inches using 
14 mm. copper and 3 mm. bakelite filters, at a rate of approximately 20 r per 
minute. Sixteen mice at a time were placed in plastic tubes measuring 3 em. 
in diameter and 10 em. in length, perforated to allow adequate ventilation. The 
tubes were closed with cork stoppers and fastened by elastic bands to a cireular 
plate which rotated slowly within the irradiated field. The dose of x-ray in each 
experiment is indicated in the tables. It varied from 450 r to 600 r. The dosage 
was checked after every second run by means of a Victoreen ionization chamber. 

Distribution of Mice in Experimental and Control Groups.—The mice were 
transported in the quarantine cages to the Argonne National Laboratory for 





*We are indebted to Dr. Walsh McDermott of the Department of Medicine, Cornell Uni- 
versity Medical College for a sample of these containers. 

+We are indebted to the staff of the X-ray Laboratory of the Argonne National Laboratory 
for this service, which was arranged through the courtesy of Dr. Austin M. Brues, Director 
of the Division of Biological and Medical Research, Argonne National Laboratory. 
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irradiation. After their return to the mouse room, they were redistributed by 
putting together into each of the new cages an equal number of mice from 
each quarantine cage. This was done to distribute equally among the cages 
mice which had previously been housed together. Cages of mice were then 
chosen at random to serve as experimental or control groups. This insured a 
random distribution of animals among the two groups. 

Period of Observation.—The mice were inspected several times each day. 
In several of the early experiments the mice were kept under observation for 
sixty days, but death occurred so rarely during the second month that all sub 
sequent experiments were terminated thirty days after irradiation. 

Control Mice.—KEaech experiment included a group of controls, i.e., un- 
treated mice which had been exposed to the same dose of x-ray at the same time 
as the treated ones, and had been separated by random selection. The number 
of the controls usually equalled or approximated the number of treated mice 
and were subjected to the same conditions. Each time a group of treated ani- 
mals received subcutaneous injections of drug the control mice were given 
subeutaneous injections of saline. When a drug was administered in ground 
food, the controls were fed plain ground food. 

It was found to be inadvisable to mix control and treated mice in the same 
cage because: (a) this was impossible when drugs were given in the food; 
and (b) control mice could not be prevented from ingesting small amounts of 
drug. Mice commonly lick each others’ fur when it is wetted with alcohol, 
and this frequently becomes contaminated with some of the drug which may 
leak back through the puncture wound after subcutaneous injection. 

Administration of the Antibiotic—tThe following antibiotics were employed 
alone or in combination: streptomycin, penicillin, chloramphenicol, aureomyein, 
terramyein, polymyxin, neomyein, and bacitracin.* Of these only streptomyein 
and penicillin were successfully administered by subcutaneous injection. They 
were injected in 0.5 ml. of saline once a day. When streptomycin was the only 
drug used, it was given from the fourth to the twenty-eighth day. 

Chloramphenicol, aureomycin, and terramycin were given to the mice in 
their food. The drugs were added to the finely ground food and thoroughly 


mixed in an ‘‘exeentrie drug mixer’’ for a minimum of two hours.t Prelimi- 
nary experiments with each of these drugst showed them to be too irritating 
to be administered daily by subcutaneous injection. Necrosis of the skin 
occurred in many of the mice. Administration by gavage, 1.e., introduction 
into the stomach through a tube, proved to be too strenuous a procedure to be 
repeated each day on mice suffering from radiation injury, Observations 
on eight mice which were housed individually in separate glass jars indicated 
that each ate at least 2 Gm. of ground food a day. It was on this basis that 
coneentrations of these drugs were fixed. 


*The antibiotics used in these experiments were kindly furnished by Abbott Laboratories, 
Commercial Solvents Corporation, Eli Lilly and Company, Lederle Laboratories, Merck & 
Company, Parke, Davis & Company, Chas. Pfizer and Company, Inc., E. R. Squibb & Sons. 
+We are indebted to Professor E. M. K. Gieling of the Department of Pharmacology, Uni- 
versity of Chicago, for the use of this mixer. 
tChloramphenicol was given subcutaneously in 25 per cent propylene glycol in water, 
aureomycin in saline or sodium glycinate, and terramycin in saline. 
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‘ION 


MICH : P : 
X-RAY DRUG 
DATE NUMBER DOSE DOSE MORTALITY (30 DAY 
IRRADIATED | STRAIN CONTROL TREATED R Gt CONTROL TREATED 
6-20-49 MG 29 29 150 1,000 SOG 96% 
29 65 
6-20-49 MG 29 Pd 150 2 000 g9 96 
29 72 
Total 58 116 S6% 83% 
5-23-49 MG 28 oo $150 3,000 64% 21% 
Be 25 
0-23-49 MG 28 32 $50 1,000 96 25 
3. 35 
}- 4-49 MG 38 a Hf 150 5,000 8] | BS" 
li MG 10) 10) $50 5.000 92 37 
l1- 7-49 MG 24 24 150 5,000 87 | 25 
12: 5-49 MG 20) 20 150 5,000 85 35 
Total 178} 248 84 30% 
5- 9-49 MG oz 32 $50 6,000 71% 12% 
a2 32 5 } 15 
l1- 7-49 MG 24 24 450 6,000 87 25 
11-21-49 MG 4 16 $50 6,000 76 34 
2- 6-50 MG +0) 10 $50 6,000 67 30 
3- 6-50 CF#1 39 37 550 60008 92 16 
Total 2103 211 TS% 23¢ 
5- 9-49 MG 32 BS re $50 7.000 71% 59 
32 BS 4 75 25 
11- 7-49 MG 24 24 150 7,000 87 20 
12- 5-49 | MG »() 2) 150 7.000 85 15 
2-13-50 MG 10) 10) $50 7.000 15 20 
10 10 32 15 
Total 188} 198 61% 24% 
*Control mice injected with 0.5 ml. saline subcutaneously each day the treated mice re- 


ceived streptomycin. 

*Dose of drug injected in 0.5 mil. saline subcutaneously once a day from the fourth 
through the twenty-eighth day postirradiation. 

tIncluding duplications. 

$Treatment stopped on twenty-second day. 

MG Maple Grove Mice, Males; CF#1 Carworth Farms Mice, Females. 


The method of administering drugs in the mouse’s food has two disad- 


vantages: (a) the dosage cannot be accurately measured, and (b) the mice are 


likely to get inadequate amounts during the second week postirradiation because 


they lose their appetites at that time. 


ereatest need of medication. 


This is the period when they are in 


To compensate for this reduction in dosage, oral 


treatment with chloramphenicol, aureomycin, and terramyein was supple- 


mented during the second week by daily injections of streptomycin in most 


experiments. 


In some experiments supplementary treatment with strepto- 





mycin was also given during the first four days in the hope that the develop- 
ment of streptomycin resistance might render the indigenous bacterial flora 
more sensitive to the action of the other drug, as reported by Herrell, Heil- 
mann, and Wellman." 


Autopsy Cultures.—During the past vear (May, 1950, to June, 1951) eul- 
tures were made on as many mice as could be autopsied immediately after death. 
This was done to determine whether or not bacteremia was present in the mice 


which died, and to identify the organisms cultured from the blood stream. 
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TABLE II. RESULTS OF TREATMENT WITH PENICILLIN AND STREPTOMYCIN SUBCUTANEOUSLY 


MICE 
; X-RAY | PENICILLIN | STREPTO- 

DATE NUMBER DOSE AMT. MYCIN MORTALITY (30 DAY ) 
IRRADIATED | STRAIN | CONTROL | TREATED R UNITS* AMT. “G™ CONTROL TREATED 
10- 3-49 MG 24 24 450 LU,QU00 5,000 | 54% 26% 
10-10-49 MG 2] 24 150 10,000 5,000 61 16 
12- 5-49 | MG | 20 10 450 10,000 5,000 85 | 70 

12-19-49 MG 18 {8 150 10,600 5,000 8] 41 
Total 118 136 72% | 41% 
ll- 7-49 MG 24 23 450 10,000 | 6,000 | S7% | 39% 
11-14-49 MG 24 48 450 10,000 6,000 | 95 44 
11-21-49 MG 43 16 450 10,000 6,000 76 65 
11-28-49 MG 24 18 $50 10,000 6,000 83 | 54 
Total 115 165 84% | 2, 


*Dose of drugs injected in 0.5 ml. saline subcutaneously once a day from the fourth 
through the twenty-eighth day postirradiation. 


The abdomen and chest were opened aseptically and blood aspirated from 
the heart with a capillary pipette and cultured by streaking a drop on the 
surtaces of blood agar and eosin-methylene-blue plates and inoculating the 
remainder into 5 ml. Difeo brain-heart infusion broth. The spleen was re- 
moved, cut in several places, and dropped into Difco brain-heart infusion 
broth. These cultures were incubated for twenty-four hours, and those show- 
ing growth were streaked onto blood agar and EMB agar. Negative cultures 
were incubated for an additional forty-eight hours and then streaked onto 
blood agar and EMB plates. Since so few anaerobes were found in blood cul- 
tures from killed mice,’)? anaerobie cultures were not made of blood from 


dead animals. 





RESULTS 
Streptomycin.—Oft the antibiotics tested streptomycin was the most effective 
in reducing the mortality of mice irradiated with the doses of x-ray used. 

Table I summarizes the results of twenty-four experiments with strepto- 
mycin. It will be seen that doses of 1,000 or 2,000 ng a day were ineffective, 
hut in each of the twenty experiments in which the daily dose of streptomycin 
ranged from 3,000 to 7,000 ng there was a significant reduction in mortality 
among the treated mice as compared with their controls. The optimum dose 
appeared to be in the neighborhood of 5,000 to 6,000 ng per day. The combined 
mortality curves of the two experiments begun May 9, 1949, are shown in 
Fig. 1. 

The most striking therapeutic effect is to be seen in the last of the 6,000 
wg experiments in which 16 per cent of the treated animals died and 92 per 
cent of the controls. 

No autopsy cultures were made in the streptomycin series. 

Streptomycin and Penicillin.—As shown in Table II, the addition of peni- 
cillin to streptomyein failed to improve the effectiveness of the latter. 

Chloramphenicol.—The results are presented in Table III, in which experi- 
ments are grouped according to time and duration of medication. Within each 
group the experiments are listed in chronological order. In this and the follow- 
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ing tables mention is made of the occurrence in any experiments of infection 
with Pseudomonas aeruginosa, Proteus of all four species, or Salmonellae as 
demonstrated by autopsy cultures. The first four experiments which contained 
a total of seventy-four treated mice showed a striking therapeutic effeet from 
chloramphenicol alone, 2 mg. per gram of food. In these four experiments, only 
20 per cent of the treated mice died as compared with 62 per cent of the con- 
trols. The result with 5 me. of chloramphenicol per gram of food was unsatis- 


factory, probably because the dose was too high. 
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Fig. 1.—Effect on mortality of streptomycin, 6,000 micrograms subcutaneously once a 
day, for period indicated. Sixty-four treated and sixty-four control mice. 450 r dose of 
x-ray. MG Maple Grove mice, all males. 


In the rest of the experiments the oral administration of chloramphenicol 
was supplemented by subcutaneous injections of streptomycin during the periods 
indicated in the tables. The results show a significant reduction in mortality 
among the treated mice except in those experiments in which Pseudomonas 
aerugiosa and Proteus infections were prevalent. Even in three of these experi- 
ments there was considerable evidence of protection. It will be noted that this 
epidemic of Pseudomonas infection occurred during the spring and summer of 
1950. The over-all mortality during this period averaged 61 per cent for the 
mice treated with chloramphenicol and streptomycin, as compared with 88 per 
cent of the controls as shown in Table IV, in which the results of the experiments 
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TABLE IIT. RESULTS OF TREATMENT WITH CHLORAMPHENICOL BY MourH WITH oR WITHOUT 
STREPTOMYCIN SUBCUTANEOUSLY 
PREVALENCE OF 
; CHLO STREPTO- | INFECTION WITH 
MICE es eas a . AG MORTALITY 
RO,-2 MYCIN PATHOGENS AS 
DATE NUMBER X-RAY} MG. 6,000 bG INDICATED BY (30 DAY ) 
IRRA- CON DOS] DAYS DAYS AUTOPSY CON 
DIATED STRAIN | TROLS! TREATED R GIVEN? GIVEN? CULTURES TRO! TREATED 
)- 14-51 RAP 34 35 590 $-28 No autopsies SS% 77%" 
11-21-49 MG 21 Ss $50 1-27 No autopsies SD 12 
11-28-49 | MG 16 16 150 $-2S No autopsies ‘2 12 
12- 5-49 | MG 20 20 150) 1-28 No autopsies 60 25 
5- 7-51 RAP 31 30 do0 1-20 No autopsies DS 93 
Total 88 i4 620 20% 
2 me. 
2-20-50 | MG 32 32 10) 4-27 t-14 No autopsies YO% 27% 
9-27-50 | MG 30 30 150) 4-1] 12-17 | No autopsies 10 17 
4- 3-50 | CF#I 36 36 600 $-28 - 14 Pseudo. and Pro-| 83 5S 
teus in many 
5- 1-50 | CF#1 30 9 590 1-14 15-20 Pseudo, in’ very {100 93 
many 
6- 5-50 | CF#1 31 31 200 {-28 t-16 Pseudo. and Pro-|100 64 
, teus in many 
6- 5-50 | CF#I1 32 31 DOO 4-28 8 14 Pseudo, and Pro-} 96 D8 
teus in many 
8-28-50 | CF#I 1() iY 550) 2-28 9-17 | Sal. in many con-| 87 12 
trols 
9-31-50 | CF#1 2] 21 900 0-28 9-15 No autopsies 57 35 
9-18-50 | CF#1 39 9 900 5-28 9.15 Sal. in few con-| 46 7 
trols 
9-95-50 | CF#1 13 13 D000 4-22 9-15 Sal. and Proteus} 44 18 
in few 
7-24.50 | CF#1 19 40 550 5-28 1-4 Proteus in many} 73 7 
9-15 controls 
8-21-50 | CF#1 24 24 550 5-28 1-4 Sal. and Proteus) 91 12 
9-15 in few controls 
9-11-50 | CF #1 21 20) 550 0-28 1-4 Pseudo, in few) 47 20 
9-15 controls 
9-18-50 | CF#1 38 9 550 5-28 1-4 Proteus in many | 60 23 
9.15 
9-25-50 | CF#1 13 22 550) 9-23 1-4 Sal. and Proteus, 44 18 
9-15 in few 
7-20-50 | CF#I1 a7 60 550 | 10-19 -9 Proteus in many} 40 25 
8-14-50 | CF#1 | 39 1() 550 10-20 1-9 No autopsies 66 35 
Total 575 576 60% 274 
*One experiment with 5 mg. per gram food. 
+Days postirradiation. 
RAP = Rockland Farms all-purpose mice, females. 
Pseudo. Pseudomonas aeruginosa; Sal. Salmonella typhimurium. 


rettgeri, or morganii. 


PSEUDOMONAS INFECTION ON THERAPEUTIC RESULTS 
NUMBER OF MICE MORTALITY (30 DAY ) 
CONTROL TREATED CONTROL TREATED 
Low incidence of Pseudomonas infection 
$25 $29 12% 19% 
255 243 65 33 
High incidence of Pseudomonas infection 
150 147 SS% 61% 
302 294 96 83 
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are summarized according to the prevalence of such infection. The mortality 
for all of the experiments performed in the absence of serious Pseudomonas 
infection was 19 per cent for the treated mice and 42 per cent for the controls. 

Fig. 2 presents the cumulative mortality curves in an illustrative experi- 
ment with chloramphenicol and streptomycin. The bacteria recovered from 
the heart’s blood at autopsy are indicated alongside the rise in the mortality 
curve caused by the death of that mouse. .In this experiment autopsy cultures 
were made on five mice. Three of them showed the presence of Salmonella in 
the heart’s blood, one of them Proteus and one, Pseudomonas. Blood cultures 


on the one treated mouse which was autopsied showed no growth. 
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Fig. 2.—lffect on mortality of chloramphenicol mixed with food (2.0 mg. per gram of 
ground food) and streptomycin, 6,000 micrograms subcutaneously once a day, for periods 


indicated. Experiment dated Sept. 18, 1950, in Table III. 550 r dose of x-ray. Thirty-nine 
treated and thirty-nine control mice. CF-1 Carworth CF#1 mice, all females. Proteus, 
Pseudomonas, ete bacteria recovered from heart's blood at autopsy. Negative no growth. 


Fig. 5 presents the results of a similar experiment performed at a time 
when drug-resistant strains of Pseudomonas and Proteus had become preva- 
lent in the mouse room. The effect on the therapeutic response is shown in 
Table IV. The development of drug resistance by Pseudomonas will be dis- 
cussed below. 

Aureomycin.—As shown in Table V the most effective dose of aureomyein 
given alone was 7.0 mg. per gram of food. This dose of aureomyein was given 
to all of the mice which received additional treatment with streptomycin. The 
average mortality in all of the experiments with this combination of drugs was 
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23 per cent, compared with 47 per cent for their controls. The mortality curves 
of an illustrative experiment are shown in Fig. 4. 

Terramycin.—As shown in Table V, terramycin was almost as effective as 
chloramphenicol and aureomyein in the absence of Pseudomonas infection. The 
mortality curves of an illustrative experiment are shown in Fig. 5. Six of the 
experiments with terramyein were carried out during an epidemie of drug- 
insensitive Pseudomonas infection (Fig. 3). Table IV shows the high death rate 


which resulted in spite of treatment with terramycin. 
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Fig. 3.—Experiment dated June 5, 1950, in Table III. Thirty-one treated and thirty-two control 
mice. See Fig. 2 for explanatory information. 


Neomycin.—Mice receiving 1.45 mg. of neomycin subeutaneously onee a day 
had a mortality of 74 per cent, as compared with 88 per cent for their controls. 
In another experiment animals were given 1.45 mg. of neomycin per day in the, 
food and supplemented by subcutaneous injections of streptomycin during the 
first four days and the ninth to the fifteenth day had a mortality of 32 per cent, 
compared with 73 per cent for their controls. 
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ureomycin mixed with food (7.0 mg. per gram of ground food) and _ strepto- 


mycin, 6,000 micrograms subcutaneously once a day, for periods indicated. Experiment dated 
in Table V. Thirty-nine treated and nineteen control mice. 


RESULTS OF TREATMENT WITH AUREOMYCIN BY MoutH WITH OR WITHOUT 
STREPTOMYCIN SUBCUTANEOUSLY 
PREVALENCE 


OF INFEC- 
STREPTO- | TION WITH 


MICE AUREO MYCIN | PATHOGENS MORTALITY 
NUMBER x-RAY| MYCIN 6,000 wG |AS INDICATED (30 DAY) 
CON- | DOSE |AMT.! DAYS DAYS | BY AUTOPSY | CON- 
N | TROL | TREATED | R MG. | GIVEN*| GIVEN* CULTURES | TROL | TREATED 
16 | 16 450 | 2.5 4-28 No autopsies | 42% 37% 
36 | 36 =| 450 | 5.0) 4-28 No autopsies | 86 47 
31 | 31 | 450 | 7.0 4-28 No autopsies | 61 | 26 
34 | 36 | 550 | 2.0 1-28 No autopsies | 88 | 47 
| 35 | 5.0 4-28 | 48 
117 | 134 | | 2.0- 74% | 42% 
| 7.0 | 
a7 | a9 550 7.0 9-19 1-8 No autopsies | 40% 15% 
| 66] 29 550 | 7.0 9-20 4-8 No autopsies | 66 | 29 
19 | 39 550 | 7.0 5-28 1-4 Proteus in |73 | 20 
9-15 many 
21 | @ | 530 |70 528 1-4 Pseudo. and | 47 45 
| | 9-15 Proteus in 
| few 
38 19 950 | 7.0 5-28 1-4 Salmonella | 66 15 
| 9-15 in many 
ioe ae 43 | 550 | 7.0 5-23 1-4 Sal.inmany:/ 44 | 18 
9-15 Pseudo. in 
| few 
| 244 210 =| 47% | 23% 


*Days postirradiation. 
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Polymyxin.—Polymyxin given subcutaneously in doses of 0.1 and 0.2 mg. 
in saline onee a day for twenty-four days proved to be toxie and increased the 
mortality rate. Smaller doses of 0.02 and 0.05 mg. reduced it only slightly. 
Polymyxin alone was not administered by mouth but was used in combinations 


with other antibiotics in some of the experiments described below. 
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_ Fig. 5.—Terramycin mixed with food (7.0 mg. per gram of ground food) and strepto- 
mycin, 6,000 micrograms subcutaneously once a day, for periods indicated. Experiment dated 
July 24, 1950, in Table VI. Thirty-eight treated and nineteen control mice. 


Several Antibiotics in Combination.—Table VII shows the results of the 
administration of three or more antibiotics. Unfortunately, six of these experi- 
ments were made during a period of serious Pseudomonas infection among the 
mice. Those which were carried out in the absence of such infection showed a 
marked therapeutic effect, but no greater than that obtained from using one of 
the orally administered drugs supplemented by subcutaneous streptomycin. 


STATISTICAL ANALYSIS OF RESULTS* 


The results reported above have been confirmed by statistical analysis. 


The differences between thirty-day survivals of control and antibiotic-treated 





*For this analysis and for their helpful cooperation the authors are indebted to George 
A. Sacher, Sylvanus A. Tyler, and Joan M. Gurian of the Division of Biological and Medical 
Research, Argonne National Laboratory. Their methods will be described and discussed in 
detail elsewhere. 
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cages were tested by Chi-square. In twenty-five of forty-one comparisons, the 
difference was significant at the 5 per cent level. In every case where the 
difference was significant, the antibiotic-treated cage showed the greater sur 
vival. When all experiments which received similar antibiotic treatments 
were pooled and the control-therapy differences tested for these pooled groups 
(Tables I, If, 111, V, VI, and VII), the differences were found to be significant 
in every case. There is therefore no question about the significance of the 
protection afforded by the antibiotic treatments. 


FAILURE OF ANTIBIOTIC THERAPY DURING AN 
EPIDEMIC OF PSEUDOMONAS INFECTION 
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Fig. 6.—-Treatment same as for Fig. 5. Experiment dated May 22, 1950, in Table VI. Thirty- 
two treated and thirty-four control mice. 

An estimate was also made of the relative therapeutic effectiveness of the 
different therapeutic schedules. It was not possible to compare directly the 
differences in percentages of thirty-day survivors in control and treated 
groups, but it was shown that the mean difference of probits of control and 
treated cages is a reasonably good measure of the effectiveness of an antibiotic 
pattern. By this criterion it could be shown that there were no highly sig- 
nificant differences in therapeutic effectiveness between the various patterns 
of antibiotic therapy tested. 
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DISCUSSION 


These experiments demonstrate that the mortality of mice exposed to moder 
ate doses of x-radiation can be reduced by the administration of those antibiotics 
which are active against members of the ordinary intestinal flora. This result 
Was anticipated by the earlier observation’: * that severe bacteremia, amounting 
to an overwhelming sepsis, occurred in a large proportion of mice during the 
second and third weeks after irradiation—the period of greatest mortality. 
The protective action of antibioties supports the conclusion drawn from that 
observation, viz., that infeetion contributes an important factor to the death 
of such mice. 

Streptomyein was the most effective of the antibiotics used. The addition 
of penicillin to streptomycin failed to improve the therapeutic effect of the 
latter. The next most beneficial drugs were chloramphenicol, aureomyein, and 
terramycin. In most experiments treatment with these three drugs was sup 
plemented by subeutaneous injections of streptomyein during the seeond week 
postirradiation, the period when bacteremia most often oceurred. 

Combinations of three or more antibiotics were no better than those men 
tioned above. 

The superiority of streptomycin to the other antibiotics was anticipated. 
There is abundant evidence in the literature that it is the most active against 
the various bacterial species responsible for the fatal septicemias observed in 
irradiated mice. 

The effectiveness of streptomycin seemed to persist throughout the course 
of treatment, which in most experiments lasted twenty-four days. This obser 
vation, if verified by additional experiments, will be surprising, for bacterial 
resistance to streptomycin develops very rapidly. The point is under investi- 
gation. 

It is quite possible that the last week of treatment was superfluous in most 
experiments, because the greatest number of deaths from infection oecurred 
during the second and third weeks postirradiation. In some of the ear!) 
experiments an occasional mouse died later and it seemed advisable to prolong 
treatment through the fourth week. This schedule, once begun, was continued 
for the sake of uniformity. 

The great variation in mortality among the untreated, control mice in 
different experiments has been a disquieting occurrence, as it seems to have 
been for other workers who have subjected many groups of animals to car 
fully standardized doses of x-ray. 

These fluctuations in mortality were largely, but not entirely, explained | 
the blood cultures made on autopsied mice during the second year of the stud 
For the results showed that all instances of unusually high mortality we 
associated with a high incidence of infection with Pseudomonas, Proteus, 
Salmonella. There were, however, a few experiments in which the mortali 
was relatively low, in spite of the demonstrated presence of Proteus infecti 


in several mice. 
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Our data on the prevalence of infection with these pathogens are ad- 
mittedly incomplete, because they derived from cultures on such mice as could 
be autopsied immediately after death. In most experiments, nevertheless, a 
sufficient number of bacteriologie observations were made to indicate whether 
or not infection with any of these microorganisms had assumed epidemic 
proportions. 

The autopsy cultures also explained many of the therapeutic failures. 
Whenever drug-resistant strains of Pseudomonas became established in a group 
of mice, the mortality always approached 100 per cent. Epidemics of Proteus 
and Salmonella also inereased the mortality, but not as seriously as Pseudo- 
monas. These epidemics of Pseudomonas infection should have been antici- 
pated because many strains of Pseudomonas are naturally resistant to thera- 
peutic doses of chloramphenicol, aureomyein, and terramyein,'* '° and aequired 
resistance to streptomyein is rapidly developed. 

On four oceasions the effectiveness of antibiotic therapy was seriously re 
dueed by such epidemies in the same mouse room. It then became necessary to 
terminate all existing experiments and to sterilize all equipment. Such a house 
cleaning was always followed by a series of experiments in which antibiotic 
therapy was once again effective. These distressing episodes served to empha- 
size the importance of infection as a factor in the death of mice subjected to 
moderate doses of ionizing radiation. 

Our efforts to control the spread of infection with drug-resistant strains 
of pathogenic bacteria were unsuccessful until a routine was established which 
protected each cage from contamination as far as was practicable in a rather 
crowded mouse room. The most rewarding improvement in technique was the 
change from chemical to heat sterilization of water bottles and drinking tubes. 

It should be pointed out that we were never able to reduce the mortality 
to zero even with streptomycin. It is possible that more effective antibiotic 
therapy might have lowered the mortality of treated mice still further. It 
seems more likely, however, that a certain proportion of the animals had suf- 
fered irreparable damage from irradiation and could not be kept alive by 
preventing the development of generalized infection. This supposition is sup- 
ported by the fact that some of the treated mice which died had negative blood 
cultures. Examples are shown in Figs. 2, 3, and 5. 

None of the antibiotics used was ideal for the purposes at hand. Strepto- 
myein, the most effective one, is somewhat toxic in the doses used, and is a 
drug to which bacterial resistance develops rapidly. Chloramphenicol, aureo- 

yein, and terramyein are incapable of controlling infection with most strains 
of pseudomonas and many of Proteus, both of which were present in the breeds 
of mice used. 

The data here presented emphasize the importance of making repeated 
experiments using large numbers of animals to evaluate the effectiveness of 
therapeutic agents. 

Although the results of these experiments demonstrated that the adminis- 
ition of appropriate antibiotics significantly reduced the mortality of irradi 
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ated mice, it must not be assumed that similar treatment would produce a 
similar result in man. In irradiated mice the bacteria of the intestinal flora 
are apparently the only ones which give rise to generalized infection. In man, 
on the other hand, there are not only the intestinal bacteria, but those of the 
respiratory tract and skin which are potential causes of infection following 


exposure to ionizing radiation, 
SUMMARY 


Young adult mice of three different strains were subjected to total body 
x-radiation in a single exposure. The dose of x-ray varied from 450 to 600 r. 

The mice were treated with a variety of antibiotics alone or in combina- 
tion. Each experiment included a group of untreated control mice whieh had 
heen irradiated at the same time with the same dose of x-ray. The number of 
controls usually equalled or approximated the number of treated mice. 

The administration of streptomycin resulted in the greatest reduction in 
mortality. It was given once a day by subcutaneous injection. The addition 
of penicillin to streptomycin failed to improve the effectiveness of the latter. 
Chloramphenicol, aureomyein, and terramyein given by mouth (mixed in food) 
all caused significant reductions in mortality. When the oral treatment with 
these drugs was supplemented by daily injections of streptomycin during the 
second and third weeks postirradiation, the degree of protection was in- 
creased. This procedure was as effective as combinations of three or more 
antibioties. 

Neomycin was ineffective. Polymyxin proved to be too toxie. 

Infections with Pseudomonas, Proteus, or Salmonella were not well con- 
trolled by treatment with chloramphenicol, aureomyein, or terramyecin. When 
such infections became prevalent among the mice the mortality increased in 
both treated and control groups. Epidemies caused by drug-resistant strains 
of these bacteria could not be controlled. These observations emphasize the 
importance of infection as a lethal factor in mice exposed to moderate doses 
of x-radiation. 
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LABORATORY METHODS 


SIMPLE METHOD FOR DEMONSTRATING THE ‘‘L.h.”’ 
PHENOMENON IN PERIPHERAL BLOOD 


AUSTIN S. WEISBERGER, M.D.. Gorpon C. Mracuam, M.D... AND 
RoBert W. Heinur, M.D. 
CLEVELAND, OHIO 


HE demonstration of leukocytie inelusion bodies (*‘L.E.’’ cells) and rosettes 
in bone marrow! or peripheral blood*’ has been helpful in the diagnosis of 
acute disseminated lupus erythematosis. A simple procedure, representing 
modification of other methods, has been devised to demonstrate the ‘‘L.E.”’ 
phenomenon in peripheral blood. By accelerating the erythrocyte sedimentation 


with fibrinogen,® excellent separation of leukocytes is accomplished. 


METHOD 


Ten milliliters of venous blood are drawn with a syringe containing 0.1 to 0.2 ml. of 
liquid heparin (sodium heparin, 10 mg. [equivalent to 1,000 units] per milliliter). The 
mixture is placed in an ordinary glass tube of suitable capacity. 

2. A fibrinogen solution is prepared by dissolving 310 mg. of bovine fibrinogen | Fraction 
I, Armour) in 10 ml. of distilled water. The mixture is shaken and allowed to stand for 
five to fifteen minutes at room temperature to insure complete solution. 

3. Approximately 1.25 ml. of the fibrinogen solution are added to each 10 ml. of heparin 
ized venous blood and mixed by inversion. 

t. Rapid sedimentation of erythrocytes occurs after a brief lag period and progresses 
so that the volume of sedimented erythrocytes approaches packed cell volume within one 
hour. The plasma may be removed during this period with a Wintrobe pipette and is placed 
in a serologic test tube. The leukocyte and thrombocyte concentrations in plasma collected 
in this manner are almost equivalent to those present in whole blood. 

5. The plasma-leukocyte suspension is allowed to stand at 37° C. or at room temperature 
for an additional thirty minutes. It is then centrifuged at 1,000 RPM for five minutes, the 
supernatant plasma decanted, and cover slip films made from the packed cells which are 
removed with a Wintrobe pipette or Sahli type (20 eubie millimeters) hemoglobin pipette. 

RESULTS 

Films prepared by this technique are composed almost entirely of large 
numbers of leukocytes and platelets, so that the finding of ‘*L.K.’’ cells is greatly 
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facilitated even if the patient has a severe leukopenia. Only a small number of 
erythrocytes is present. Rosette formation was very striking in five patients 
with active acute disseminated lupus ervthematosis (igs. 1 and 2) and “*L.K.”’ 
eells were abundant (Fie. 35). Neither rosettes nor “*h.E." cells were en- 
countered in such preparations from ten normal subjects or from twenty-five 
patients with various diseases (chronic discoid lupus, polvarteritis nodosa, 
pemphigus, subacute bacterial endocarditis, hepatie cirrhosis, rheumatoid arthri- 
tis, amebie hepatitis, and fever of undetermined origin). The results with this 
method appear to be entirely comparable to those obtained when bone marrow 


content placed in plasma from the patient is used as a source of leukocytes. 





Fig. 3$.—“L.E.” cell (*13800.) 


SUMMARY 


A simple method is described for the demonstration of **L.E.’” cells and 
rosettes in the peripheral blood of patients with disseminated lupus erythema- 
tosis. Use of fibrinogen allows rapid and nearly complete separation of leuko- 


evtes from erythrocytes. 
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SHEEP BLOOD AGAR FOR THE ISOLATION OF LANCEFIELD 
GROUPS OF BETA-HEMOLYTIC STREPTOCOCCI* 
A. IK. Fe.uer, M.D.,** axnp Davin A. Stevens, A.B. 


CLEVELAND, OHIO 


ee of the role of beta-hemolytic streptocoeei in respiratory 
disease require reliable methods for characterizing streptococci isolated from 
throat swabs. Classification into groups and types by serological methods is 
essential for final identification. Previous experience in this laboratory has 
demonstrated that many strains of streptococei isolated from the oropharynx of 
either normal persons or patients with respiratory disease cannot be grouped 
even though the colonies show beta-hemolysis on horse blood agar. Thus, con 
siderable time and materials are consumed in a fruitless attempt to identify such 
strains. 

Recent studies have indicated that beta-hemolysis by surface or subsurface 
colonies on sheep blood agar is a simple and reliable indication that streptococes 
isolated from throat cultures may he grouped serologically, and also that sheep 
blood agar is as reliable as horse blood agar for the detection of group A 
streptococci but not for other groups of streptococci. The results of these studies 
are presented in this paper. 

METHODS 


Source of Cultures.—A population of approximately sixty families (approximately 250 
individuals) was the source of the throat cultures. This population serves as a basis for a 
study of illness in families.) For one of the studies (Table II), throat swabs were also 
obtained from 300 well persons, chiefly medical students and professional personnel. 

The throat was cultured by rubbing each tonsillar area and the oropharynx with a cotton 
swab. When duplicate cultures were required for certain of the comparative studies two 
swabs held in parallel were used simultaneously. 

All swabs were transported to the laboratory in sterile test tubes and planted after a 
delay of not longer than two hours from the time the swabs were obtained. Under similar 
conditions comparative data? have shown that transportation of throat swabs placed in dry 
test tubes does not reduce the recovery rate of groups A, C, or G streptococci when compared 
with transportation of duplicate swabs in broth. 

Technique of Isolating Streptococci.—All cultures were examined for heta-hemolytic 
streptococci using Pike’s selective medium.3.4 The Pike technique has continued to be 
superior to the conventional streak plate method for detecting beta-hemolytic streptococei on 
throat swabs, especially when the organisms are present in small numbers.5.6 The swab was 
placed in blood broth containing sodium azide and crystal violet and incubated at 37° C 
overnight. A loopful of culture was then streaked upon the surface and stabbed into the sub 
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stance of a horse blood agar plate. The plate was incubated at 37° C. for twenty-four hours 
and examined with the unaided eye and with the aid of a widefield binocular microscope, 
since the latter has been shown to aid materially in the detection of colonies of streptocoeci.? 
To obtain pure cultures, subcuitures were made to a second horse blood agar plate, incubated 
at 47° ©, for twenty-four hours and then examined as above. 

Organisms that exhibited beta-hemolysis around surface or deep colonies in horse blood 
agar and were gram-positive cocci in chains were tentatively considered to be beta-hemolytic 
streptococci. Confirmatory procedures included comparative studies of hemolysis on horse 
and sheep blood agar, grouping of the organisms serologically and, in certain instances, ob 
servations of the hemolytie properties on human and rabbit blood agar and on agar media 
containing erythrocytes only or various combinations of erythroeytes and serum. 

Comparative Studies on Horse and Sheep Blood Agar.—The organisms in pure culture 
were streaked upon the surface and stabbed in to the substance of horse and sheep blood aga 
plates concurrently and the plates incubated at 37° C. for twenty-four hours. Without knowl 
edge of the results of serologie classification, the resultant colonies were examined for 
hemolysis with the unaided eve and with the widefield colony microscope. The additional 
comparative studies of hemolysis on other media were made in the same manner. 

Technique of Grouping.—The serological method of LancefieldS was used. Formamide 


” 


extracts? were employed and, in addition, Maxted’s ‘‘enzyme’’ technique!® was used to prepare 
extracts of the organisms isolated in 1950 and subsequently. Experience with Maxted’s 
technique confirms that reported by others.1¢.11 Sera for Lancefield groups A, B, C, D, FE, F. 
G, H, and I. were routinely employed.* 

Media Employed.—RBlood agar plates contained approximately 6 per cent defibrinated 
horse, sheep, rabbit or human blood. The agar base contained either beef heart infusion ot 
Difco tryptose blood agar base at a pil of 7.5 before the blood was added. Comparative 
studies of these two media? have shown them to be of equal reliability for detecting beta 
hemolytic streptococci from throat swabs. Colonies of such streptococei on blood agar media 
with the Difco base tend to be smaller but the zone of hemolysis is generally larger than on 
similar plates with beef heart infusion base. 

Agar plates that contained only erythrocytes were made by centrifuging defibrinated 
blood, removing the serum, washing the cells once with physiologic saline solution, and em 
ploying sufficient sedimented cells to match the color of regular plates. Plates which con 
tained erythrocytes from one species and serum from another species employed a mixture of 
approximately equal proportions of cells and serum in sufficient quantity to match the color 


of the regular plates. 
RESULTS 


Study of Organisms Producing Beta-Hemolysis on Horse Blood Agar. 
Cultures from the population of 60 families were employed in this study, ap- 
proximately half of the cultures being obtained in October, 1948, and the other 
half in April, 1950. A total of 125 strains of streptococci producing beta- 
hemolysis on horse blood was isolated from 566 cultures. The hemolytic proper- 
ties of colonies of these 125 strains on horse and sheep blood agar were then 
determined and correlated with the results of attempts to group them serologi- 
‘ally (Table I). 

All of the 101 strains that were beta-hemolytie on sheep blood agar could 
be grouped. Twenty-four strains failed to produce beta-hemolysis either on the 
surface or within the substance of sheep blood agar and none could be grouped ; 
of these 24 strains, 19 produced beta-hemolysis on the surface, and 22 produced 
beta-hemolysis within the substance of horse blood agar. 

*The antisera used in this study were supplied in part by the laboratories of the New 


York State Department of Health and the Communicable Disease Center, U. S. Public Health 
Service. 
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TABLE I. LANCEFIELD GROUPS OF 125 CONSECUTIVE STRAINS OF BETA-HEMOLYTIC STREPTOCOCCI 
ACCORDING TO THE TYPE OF HEMOLYSIS ON HORSE BLOOD AGAR AND SHEEP BLoop AGAR 
HEMOLYSIS ON BLOOD AGAR 
HORSE SHEEP GROUP (LANCEFIELD ) NO 
STREAK STAB STREAK STAB N B C } G GROUP* TOTAI 
Beta Beta seta Beta +] 20 13 8 9 91 
Beta Beta Alpha Beta I 7 l 3 
Alpha Beta Alpha Beta 1 l 
seta Beta Alpha Alpha Tt 17 
Alpha seta Alpha Alpha 5 5 
Beta Alpha Alpha Alpha 2 2 
Total $1 21 21 S 10 24 125 
These strains could not be grouped with sera for groups, A, B, C, D, E, F, G, H, or L 
*One of these strains was positive with group H serum with a formamide extract, but 
was twice negative with the same serum with extracts prepared with Maxted’s enzyme. 


Ten of the groupable strains were beta-hemolytie within the substance of 
sheep blood agar but were alpha-hemolytie on the surface. Eight of these strains 
were group C, one was group B and one was group G. Colonies of group © 
strains, as a rule, exhibited a zone of hemolysis on sheep blood agar which was 
cleared of intact cells but was slightly or definitely green. Thus, classification 
of surface hemolysis of group C strains on sheep blood agar as alpha or beta 
was often a matter of personal opinion. The hemolytie zone about deep colonies 
of such strains was always clearly beta in type, however, and offered no difficulty 
of classification. 

Although 20 strains of group B streptococci are tabulated as having ex 
hibited beta-hemolysis on horse and sheep blood agar (Table I), only the deep 
colonies on these media produced unmistakable beta-hemolysis. Almost without 
exception surtace colonies of group B streptocoeci on both horse and sheep blood 
agar produced a rather narrow zone of hemolysis which was colorless, but which 
contained recognizable cells. Thus, elassifieation of hemolysis of surface colonies 
of group B strains as beta in type was an arbitrary decision between alpha 
prime and beta-hemolysis. 

These data indieated that (1) strains of streptococci originally selected 
hecause they were beta-hemolytic on horse blood agar could be grouped sero- 
logically without exception when they were also beta-hemolytic on sheep blood 
agar, and (2) none of the strains could be grouped that were beta-hemolytie on 
horse blood agar but alpha-hemolytie on sheep blood agar. A study was there- 
fore made to determine whether or not original isolations could be made on 
sheep blood agar rather than horse blood agar without failure to detect group 
able strains. 

Comparison of Sheep Blood Agar and Horse Blood Agar for the Isolation 
of Groupable Streptococci From Throat Swabs.—For this study, 472 consecutive 
throat cultures, using two swabs, were obtained from the members of the 60 
families and 300 eultures were obtained in duplicate from medical students and 
professional personnel. One of each of the 772 pairs of swabs was incubated in 
Pike’s broth containing horse blood and then plated on horse blood agar from 
whieh beta-hemolytic colonies were picked to sheep blood agar for serologic 


grouping. The other of each pair of swabs was incubated in Pike’s broth con- 
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taining sheep blood and then plated on sheep blood agar from which beta- 
hemolytic colonies were picked to sheep blood agar for serologic grouping. In 
an attempt to minimize errors due to failure of recognition, the negative plate 
of a pair was always re-examined for beta-hemolytie colonies. In addition, when 
a groupable strain of a streptococcus was detected on horse blood agar and not 
on sheep blood agar, or vice versa, the strain was always subcultured to the other 
medium to investigate the possibility that the organism would not grow in that 
medium. No such failures of growth were encountered. 

The results showed that sheep blood agar and horse blood agar were equally 
reliable for the detection of group A streptococci (Table I1). Horse blood agar 
was more efficient than sheep blood for detecting groups B, C, F, and G strepto- 
cocci. Although certain of the differences may have been due to unequal dis- 
tribution of organisms between the two swabs, such differences would be expected 
to distribute at random. 


TABLE IT. COMPARISON OF HORSE BLOOD AGAR AND SHEEP BLOOD AGAR FOR THE ISOLATION OF 
GROUPABLE STREPTOCOCCI FROM 772 THROAT SWABS TAKEN IN DUPLICATE 


NUMBER OF STRAINS ISOLATED, BY LANCEFIELD GROUPS 
AND ACCORDING TO MEDIUM EMPLOYED 


S+"* So S+ 
GROUP H+ H+ HO TOTAL 
A 14 7 10 61 
B 35 19 10 64 
C 18 6 4 98 
F 6 10 7 23 
G | 13 5 1 19 
Total | | 195 
*S sheep blood agar. . 
H horse blood agar. * 
+ groupable streptococcus present. f 
oO groupable streptococcus absent. 


Reliability of Beta-Hemolysis on Sheep Blood Agar as an Indication That 
Strains of Streptococci Can Be Grouped Serologically.—On the basis of the data 
presented above the procedure in this laboratory has been to employ horse blood 
agar plates for the detection of beta-hemolytie strains of streptococci from 
throat swabs. Such strains are then subeultured to sheep blood agar and only 
organisms which are beta-hemolytiec on the latter are selected for serologic 
grouping. Data have been analyzed to determine the reliability of the presence 
of beta-hemolysis on sheep blood agar as an indication that such strains can be 
grouped. 

During the months of April, May, and June, 1949, and April and May, 1950, 
a total of 6,235 throat cultures was examined for beta-hemolytie streptococci. 
From these cultures, 1,812 strains of streptococci were obtained that appeared 
to be beta-hemolytie on horse blood agar, and were subcultured to sheep blood 
agar; 1,224 strains (67.5 per cent) were beta-hemolytic on sheep blood agar 
(surface or deep colonies), and 1,193 (97.4 per cent) of them could be grouped. 
Review of the thirty-one strains (2.6 per cent) which could not be grouped 
revealed that twenty-five grew as definite pin-point sized colonies. Such strains 
are usually group F and are, as a 1ule, difficult to group because they grow 
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poorly on subeulture and satisfactory grouping extracts are not always obtained. 
Often two or three extracts must be prepared before successful grouping is 
accomplished. The other six strains were apparently typical beta-hemolytic 
colonies on sheep blood agar but could not be grouped. The remaining 588 
strains (32.4 per cent) were not beta-hemolytie on sheep blood agar and group- 
ing was not attempted since, as noted in Table I, the procedure was so unsuccess- 
ful with such strains. Thus, the routine use of sheep blood agar resulted in the 
elimination of approximately one-third of the strains from further study and 
the inclusion of strains 97.4 per cent of which could be grouped. 


TABLE IIT. Type OF HEMOLYSIS PRODUCED BY SURFACE AND DEEP COLONIES ON HORSE, SHEEP, 
HUMAN, AND RABBIT BLOOD AGAR BY FIFTEEN STRAINS OF STREPTOCOCCI WHICH COULD NOT 
BE GROUPED (LANCEFIELD) EMPLOYING GrRoUPS A, B, C, D, E, F, G, H, AND L SERA 


TYPE OF BLOOD AND RESULTANT HEMOLYSIS OF SURFACE AND DEEP COLONIES 


STRAIN HORSE SHEEP HUMAN RABBIT 

NO. STREAK STAB STREAK STAB STREAK STAB STREAK STAB 
1 8 B a a a a 7B* 7B 
2, 4, 14, 15 g B a a B B B B 
3 a B a a B B B B 
3, 6,7, 13 | a B a a B B 7B B 
8, 9 B B a a a a B B 
Bs eae B B a a a a a | B 


+? weak beta hemolysis. 


Hemolysis on Horse, Sheep, Human and Rabbit Blood Agar by Fifteen 
Nongroupable Strains and Eleven Groupable Strains.—The observation that 
certain strains of streptococci produced beta-hemolysis on horse blood agar, yet 
were alpha-hemolytie on sheep blood agar and could not be grouped, suggested 
further study of their hemolytic behavior on the blood of other species. Aceord- 
ingly, the hemolytie action of fifteen such nongroupable strains was compared 
with that of eleven groupable strains on agar plates containing human, rabbit, 
horse and sheep bloods, respectively. The plates were streaked and stabbed so as 
to give both surface and deep colonies. The nongroupable strains were isolated 
in April, 1950; the groupable strains were isolated currently. 

All of the fifteen nongroupable strains showed alpha-hemolysis on sheep 
blood but produced beta-hemolysis on horse and rabbit bloods. More than half 
of them were beta-hemolytie on human blood (Table III). Although on horse 
blood the areas of beta-hemolysis around approximately half of the fifteen strains 
were not wide and clear, the other half were typically and clearly beta-hemolytic 
and would readily be so classified even by an inexperienced observer. Thus, 
sheep blood was the only one of the four bloods ordinarily available which served 
reliably to indicate the strains of streptococci which could not be grouped 
serologically. 

Study of eleven current strains of groupable streptococei (six of group A, 
one of group B, one of group C, and three of group G) on these four media 
revealed that all strains produced typical beta-hemolysis (surface and deep 
colonies) on all four types of blood agar. Although these data are few, they 
suggest that human and rabbit blood agar might serve as well as horse blood 
agar for isolating groupable streptococci. 
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Hemolysis by Two Groupable and Two Nongroupable Strains on Media 
Prepared with Defibrinated Blood, Erythrocytes, and Combinations of Erythro- 
cytes and Serum from Four Species —These data (Table TV) show that alpha- 
hemolysis produced by the two nongroupable strains occurred only on those 
media which contained sheep erythrocytes. The observation that alpha-hemoly- 
sis by the nongroupable strains resulted when sheep erythrocytes were added to 
horse, human, or rabbit serum suggests that the factor which permits sheep 
blood agar to differentiate between groupable and nongroupable streptococei is 
associated with the erythrocytes rather than the serum. 


TABLE IV. Tyree or HEMOLYSIS PropUceD BY TWO GROUPABLE AND TWO NONGROUPABLE 
STRAINS OF STREPTOCOCCI ON BLOOD AGAR PLATES PREPARED WITH DEFIBRINATED BLOoop, 
ERYTHROCYTES, AND COMBINATIONS OF ERYTHROCTYES AND SERUM 
FROM FouR SPECIES 


STREPTOCOCCUS EMPLOYED AND TYPE HEMOLYSIS 


TYPE OF BLOOD AGAR GROUP A GROUP ¢ NO GROUP NO GROUP 
PLATES EMPLOYED STREAK STAB | STREAK STAB | STREAK STAB | STREAK STAB 
Defibrinated blood: 
} { orse B B B p B B | B B 
Sheep 8 B B B a a | a a 
Rabbit B B 8 B B 6 B B 
Human B B B 8 B B | B B 
Erythrocytes: | 
Horse B BY B B B B B B 
Sheep re} B B B a a | a a 
Rabbit B B B B B B | g B 
Human B B B B B B B 8 
Horse cells + sheep B B B B B B B B 
serum 
Sheep cells + horse B B B B a a a a 
serum 
Rabbit cells + human B B B B B 8 8 B 
serum 
Human cells + rabbit B B B B B B B B 
serum 
Sheep cells + rabbit B B a B a a a a 
serum 
Sheep cells + human B B B B a a a a 


serum 


DISCUSSION AND SUMMARY 


The results of this study show that strains of streptococci isolated from 
throat cultures and found to be beta-hemolytie on sheep blood agar can almost 
invariably be grouped serologically (Lanecefield). The chief exceptions are 
strains which grow on solid media as pin-point sized colonies, are difficult to 
grow in sufficient quantity to permit preparation of a potent extract for serologic 
grouping and, when successfully grouped, are usually found to be group F. 
An occasional strain is encountered (six of a total of 1,224), however, which 
grows as regular sized colonies, is beta-hemolytie on sheep blood and cannot be 
grouped serologically. These may represent technical failures or groups for 
which sera were not available. 

For routine laboratory purposes, the results indicate that the use of sheep 
blood agar for the recognition of group A_ beta-hemolytie streptococci from 
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throat cuutures constitutes a reliable technique and one that will result in a 
considerable saving of time and materials. It has the additional advantage that 
Hemophilus hemolyticus either fails to grow or grows very poorly on sheep blood 
agar.’?. The precaution should be taken, however, to stab into the agar as well 
as to streak the surface, since approximately 10 per cent of strains may give 
beta-hemolysis only around deep colonies. 

Although the data show that sheep blood agar and horse blood agar are of 
essentially equal reliability for the detection of group A streptococci, horse blood 
agar for subeulture of Pike’s broth appears to be somewhat better than sheep 
blood agar for the recognition of strains of groups B, C, F, and G streptococci. 
Rabbit blood agar and human blood agar were not evaluated for the isolation 
of streptococci. 

The identity of the strains that were beta-hemolytie on horse blood agar 
and alpha-hemolytie on sheep blood agar and that could not be grouped sero- 
logically is unknown. It is possible that they belong to a group, or to groups, 
as yet unknown or for which sera were not available. Study of fifteen such 
strains showed that the majority of them were also beta-hemolytie on rabbit and 
human blood agar. On horse blood agar approximately half of these fifteen 
strains produced typical and obvious wide zones of beta-hemolysis. The others 
produced less obvious zones of beta-hemolysis but all were readily recognized 
as beta-hemolytic by three experienced observers. 

In general, studies employing such cultural characteristics of streptococei 
as colonial morphology and hemolysis have not appeared to offer a reliable 
criterion of groupability.2 '*!° Observation of the zones of hemolysis about 
nongroupable and groupable strains, including group A, has always revealed 
strains in each category that produced beta-hemolysis which was less obvious 
than the usual wide clear zones.2. The experience thus far with sheep blood indi- 
cates that hemolysis of the sheep erythrocyte provides a practical and sufficiently 
reliable criterion of groupability to warrant routine adoption of sheep blood 
media. 

Comparison of the hemolytic behavior of four groupable and nongroupable 
strains on various combinations of erythrocytes and serum from four species 
indicate that susceptibility to beta-hemolysis is associated with the sheep erythro- 
eytes and is unaffected by other homologous or heterologous serum. 

CONCLUSION 

The production of beta-hemolysis on sheep blood agar by strains of beta- 
hemolytie streptococci is a reliable indication that such strains can be grouped 
serologically. 

The technical assfstance of Mary K. Dixon, Bernice Miraldi, Nancy Cope, and Ruth 
Genutis is gratefully acknowledged. 
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A MECHANICAL SAMPLING DEVICE FOR USE WITH THE 
STANDARD ELECTROPHORESIS APPARATUS 


DEMETRIOS A. Rigas, Pu.D.. THomas J. MAUPIN, AND 
Cart G. HELLER, M.D., Px.D. 
PORTLAND, ORE, 


A SIMPLE and inexpensive* mechanism has been devised for separating 

mechanically specific components from mixtures migrating in an electro- 
phoretic field when only small amounts of material are available. Instruments 
for preparative purposes for dealing with large amounts of material have been 
described previously.’~* 

Our apparatus can be used with any analytical electrophoretic cell and 
requires only that amount of material necessary for making the electrophoretic 
analysis. Thus it is possible to obtain the electrophoretic pattern and the 
separate fractions for analysis simultaneously. Separating and withdrawing 
the components after migration in the electrophoretic cell is followed and con- 
trolled by direct observation through the optical system of the electrophoretic 
apparatus. Construction of the device is simple and the cost of materials rela- 
tively low. 

APPARATUS 

Description.—The device consists of a long slender needle which can be inserted into 
the desired component without creating undue currents. The needle is attached to a syringe 
and the movement of the needle plus syringe is accomplished by a motor through which the 
speed of insertion may be controlled. The plunger of the syringe is connected with a 
second motor so geared that withdrawal of a component is accomplished without the production 
of convection currents. 

The accompanying figure illustrates the device. A 5 ml. syringe (8), provided with a tri- 
pore adaptor (4), is attached to the needle. The syringe is mounted with the clamp (C,) ona 
rigid support (B) capable of moving as a whole along the vertical frame (/). The supporting 
frame (F) is rigidly attached to the base (D), through which the apparatus can sit on the edge 
of the cold water bath with the tip of the syringe above the center of the electrophoretic cell. 
The movement of the syringe support is accomplished by the synchronous motor (M,),+ which 
drives a pinion moving a rack attached to (B). The motor is mounted on the supporting frame 
(F). The tip of the needle can thus be lowered to any desirable position in the cell, or with- 
drawn from it at a rate of 20 mm. per minute, a speed at which no disturbance of the crossed 
boundaries occurs. The plunger of the syringe is coupled to a threaded shaft through the 
special clamp (C,) which allows the shaft to revolve without turning the plunger with it. 
The threaded shaft is driven by a keved miter gear (@), which allows it to slide freely through 

From the Division of Endocrinology of the Department of Medicine, University of Oregon 
Medical School. 
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*This apparatus was built at a total cost of $80.00, $25.00 of which was for the pur- 
chase of motors and materials used. 

+“Telechron synchronous motor’ Type B3 V_ 110/120 C60 MOD 59M31 R.P.M.1 W4. 
Manufactured by: Warren Telechron Co., Ashland, Mass. A second stator, taken from 


another similar motor, was added on each of the motors (Mi) and (M2), to make possible 
the reversal of their rotation, at will. 
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by means of a keyway cut the full length of the shaft. This miter gear is driven by a 
synchronous motor (M,) rigidly attached on the top of the supporting frame (F'). The 
threaded shaft is provided with a half nut (#) attached on the syringe support (B), and 
which can be turned in or out of position at will. When in position, the motor (M,) can pull 
the plunger to withdraw liquid from the cell, or push it to inject new protein solution in the 
bottom of the cell, if desired, at a speed slowly enough (0.1 mm. per minute, i.e., 0.1 ml. per 
minute with the 5 ml. syringe) to prevent turbulence. When (£) is out of position the 
plunger can be pushed down by hand to expel the withdrawn fraction into the receiving 
container, by turning the tripore adaptor (4). The apparatus can slide along the edge of 
the cold water bath, so that the needle can be inserted in either limb of the cell. The switch- 
board (H) is connected to the apparatus through a long cable, so that it can be carried at 
the far end of the schlieren camera, in which position it can be operated while the process 


is followed by direct observation on the screen. 


BRO ha Be ARE chasis 
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Fig. 1.—A photograph of the apparatus showing it in position ready for use. 


RESULTS 
Operation—When the desirable migration and separation of the protein 
components in the cell have been achieved, the current is turned off, and the 
bottom cell shifted to the left to close the communication between the two limbs. 
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The limb to be fractionated is now opened, and the fractionator with the 
syringe raised to the upper limit is placed in position. The sehlieren diaphragm 
is raised until the boundaries on each side of the fraction to be drawn from the 
cell have appeared on the screen and further scanned to a point near the base 
line. The upper border of the lower boundary (i.e., the lower border of the 
upper boundary, as they look on the reversed image on the sereen) is now 
marked on the screen to be used as the border line bevond which the tip of the 
needle should not be allowed to pass. The syringe is lowered until the tip of 
the needle is halfway between the boundaries. When motor (M,) is started and 
the fraction begins to be withdrawn, the upper boundary starts approaching the 
lower. The tip of the needle is kept halfway between the upper border of the 
lower boundary (previously marked on the sereen) and the upper border of 
the upper boundary. Liquid is withdrawn until the boundaries merge. The 
tripore adaptor (A) is turned to the outlet position, and the half nut (£) is 
disconnected. The plunger is pushed down and the fraction is expelled. For 
best performance it is advisable to wet the syringe and the needle before start- 
ing the fractionation. 

This technique can be successfully applied to a variety of problems. En- 
zymes, hormones, antibodies, ete., can be identified and separated from complex 
biological fluids and tissue extracts. In radioactive tracer studies, the specific 
activity found in fractions obtained by this method may yield important 
information on the metabolism of proteins, nucleic acids and similar com- 
pounds. The identification of a particular component in the electrophoretic 
pattern of the mixture where it may exist, makes possible the use of the electro- 
phoresis as a guide in chemical purification. Important information was ob- 
tained by this method, on the nature of urinary proteins of normal subjects.‘ 


SUMMARY 


An apparatus to be used for obtaining samples from the standard electro- 
phoretie cell, applicable in situations in which small quantities of material are 
available, has been deseribed. The use of the equipment and possible applica- 
tions of the method have been presented. 
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A COMPARISON OF SAPONIN AND AEROSOL AS HEMOLYTIC 
AGENTS IN THE DETERMINATION OF BLOOD GASES 


STEVEN M. Horvatnu, Pu.D., ANp Doris W. Knapp, M.S. 
Iowa Crtry, Iowa 


[ENGST has recently reported that a solution of 0.25 per cent aerosol 

(dioctyl sodium sulfosuccinate) can be substituted for the urea-albumin 
reagent? as a hemolytie agent for the manometric determination of the oxygen 
content of blood. However, since he did not have available a satisfactory 
saponin, Yiengst was unable to make a complete analysis of the effective sub- 
stitution of aerosol for saponin. Furthermore, possible interference with 
carbon dioxide determinations in the combined oxygen-carbon dioxide method 
was not determined. 

Blood was obtained from the right ventricle or femoral artery of dogs in 
quantities of 50 to 50 milliliters. Determinations of oxygen or oxygen-carbon 
dioxide were made by appropriate manometric methods.* Each sample was 
analyzed in duplicate using 0.25 per cent aerosol, one Merck saponin, and two 
Eastman Kodak saponins as the hemolytic agents. The Merck saponin was of 
prewar stock which has been used in this laboratory as a standard of com- 
parison against presently available saponins. The duplicate analyses had a 
variation of less than 0.05 volume per cent oxygen on 1 ml. samples of blood. 
At least one complete comparison with all these agents was made by each of 
two operators. The results of the oxygen determinations are presented in 
Table I. The two lots of Eastman saponin provided as thorough a hemolytic 


TABLE I. BiLoop OXYGEN VALUES* OBTAINED WITH VARIOUS HEMOLYTIC AGENTS 


NO. OF AEROSOL SAPONIN _ 
SAMPLE ANALYSES 0.25% NO. 1 NO. 2 NO. 3 MEAN 


Combined method—Oxygen and Carbon Dioxide 


Arterial 12 16,34 16.26 16.18 16,23 16.23 

Venous 9 12.33 12.22 12.37 12.15 12.24 

Venous 9 12.45 12.47 12.42 12.45 12.45 
Oxygen Alone 

Venous 4 14.44 14.47 14.37 14.42 

Venous 5 13.98 13.50 13.49 13.50 

Venous 6 10.51 10.54 10.48 10.52 


No. 1.—Merck, prewar. 

No. 2.—Eastman Kodak Practical. 

No. 3.—Eastman Kodak Practical. 

*All values are expressed in volumes per cent. 


action as did the standard saponin. In general, all of the hemolytie agents 
appeared to be equally effective in both of the two methods for oxygen deter- 
mination. There was a tendency for aerosol to give slightly higher values for 
oxygen in several instances. The mean difference was 0.12 volume per cent, 
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standard deviation 0.10. A similar observation was made by Yiengst' in his 
comparison of aerosol and urea-albumin reagent. This discrepaney could not n 
be explained. Aerosol did not interfere with the determination of carbon 
dioxide in blood (Table IT). 


TABLE II. CARBON DIOXIDE CONTENT OF BLOOD* (MM PER LITER) WHEN VARIOUS 
HEMOLYTIC AGENTS ARE EMPLOYED 


SAMPLE | NO, OF ANALYSES AEROSOL 0.25% SAPONIN 
Arterial 12 17.64 ee | 
Venous 9 i250 17.44 
Venous 9 18.62 18.61 


*Mean values. 


It would appear that 0.25 per cent aerosol is a satisfactory substitute for 
saponin as a hemolytic agent. Its major disadvantages lie in the necessity of 
having an additional solution on hand for preparing each day’s working 
reagent, and in the sporadic¢ occurrence of high oxygen values. 


The technical assistance of Mrs. Violet L. Tabler and Misses Margrieta Delle and 
Elizabeth Drennen is gratefully acknowledged, 
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SPECTROPHOTOMETRIC ANALYSIS OF CARBOHYDRATES 
AND STUDY OF ANTHRONE REAGENT 


R. E. Zier, M.D., anp A. L. Watpbo, M.S. 
DAYTON, OHIO 


HE reducing methods for the determination of the glucose content of bio- 

logical fluids gives inordinately high results because there are substances other 
than glucose present that are reduced by the reagents. In blood, these non- 
carbohydrate reducing substances are chiefly glutathione, ergothione, urie acid, 
creatinine, creatine, and ascorbie acid. Most of the early data in American 
literature on blood sugar content were obtained by the Folin-Wu-copper-reduc- 
tion method,' but it is gradually being superseded by more specifie methods.* * 
The concentration of just glucose alone in normal blood under postabsorptive 
condition is 60 to 80 mg. per 100 ml. according to Folin and Wu! with their 
protein-free filtrate. The Folin method gives values from 90 to 110 mg. per 
100 milliliters. The Somogyi and Kingsley methods® * give normal values of 
70 to 100 mg. per 100 milliliters. The anthrone reagent of Dreywood* is specific 
for carbohydrates and, therefore, it has been adapted for the determination of 
glucose in blood, no matter which protein-free filtrate is employed. The normal 
values obtained by our modification of Dreywood’s method are 65 to 90 mg. 
glucose per 100 ml. whole blood. 

Spectrophotometric studies of the reaction of anthrone reagent with carbo- 
hydrates confirms that initially water is split from the carbohydrate with the 
formation of a hydroxvaldehyde which subsequently is converted to a furfural 
derivative.°* Anthrone is the keto form of a tautomerie pair of which the enol 
form is anthranol. The anthranol form is highly reactive while the ketonic 
form, or anthrone, is indifferent to most reagents. In view of the classical 
Molisch test, which uses alpha-naphthol in concentrated sulfurie acid to test 
for carbohydrates, it seemed reasonable that anthranol might be the aetive form 
in this anthrone-carbohydrate reaction. 


PROCEDURE 


The following method has been found to yield consistent as well as precise results if the 
directions are followed implicitly. 
Reagents.— 


1. Sulfuric acid, N/12. 

2. Sodium tungstate, 10 per cent, aqueous. 

3. Anthrone reagent: To 25.0 ml. of distilled water add carefully 475.0 ml. of con- 
centrated sulfuric acid. When this is cool, add with stirring 1.00 Gm. authrone (Eastman, 
Organie Chemicals, Distillation Products Industries, Rochester, N. Y.). This should be pre- 
pared fresh every four to five days, 
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4. Sulfurie acid, 1:1; for dilution, add to one part distilled water carefully one part 
sulfurie acid. 

All pipettes, flasks, test tubes, and cuvettes must be scrupulously clean of lint, filter 
paper fibers, or any other carbohydrate material, since obviously they interfere with the 


analysis. 
Analysis, Macro. 


1. Into a test tube or small flask pipette 8.0 ml. of N/12 sulfuric acid, add 1.0 ml. of 
whole oxalated blood. 

2. Add 1.0 ml. of 10 per cent sodium tungstate, mix, let stand about ten minutes, then 
filter. 
3. Into a 50-ml. Pyrex Erlenmeyer flask add 10.0 ml. of anthrone reagent, 1.0 ml. of 
protein-free filtrate, and immediately add 4.0 ml. of distilled water. Swirl to mix thoroughly. 

1. Let the solution stand and cool for full color development at least fifteen minutes. 
If the tubes stand longer (forty-eight hours, stoppered) no further color change is noted. 

5. Pour the mixture into a cuvette and read spectrophotometrically at 620 my or with a 
red filter. The reference liquid or blank must be the same solution that was used to make the 
standard curve; either distilled water or 10 ml. of reagent with 5 ml. of water. 

6. When the concentration of sugar is higher than can be read, dilute 4.0 ml. of the 
green reaction mixture with 4.0 ml. of the 1:1 sulfurie acid-water mixture. Multiply the 
milligram per 100 ml. found by two. 


Analysis, Micro. 
1. Into a 12-ml. centrifuge tube pipette 0.8 ml. N/12 sulfuric acid, 0.1 ml. oxalated whole 
blood, and 0.1 ml. 10 per cent sodium tungstate. 
2. Mix, centrifuge ten to fifteen minutes at 2,500 r.p.m. 
3. To 10.0 ml. of the anthrone reagent, which is in a 50-ml, Erlenmeyer flask, add 0.5 ml. 
of filtrate, and immediately 4.5 ml. of distilled water. Quickly swirl the contents to mix. 
4. Let cool and read in the same manner as in the macroanalysis. Multiply the milli 
gram per 100 ml. found by two. 
Standard Curve. 
1. A stock solution of glucose is prepared by dissolving 1.0000 Gm. of chemically pure 
dry glucose in 500 ml. of distilled water in an appropriate volumetric flask. 
2. When 12, 8, 5, 4, 3, and 0 ml. of this stock solution are diluted, respectively, to 100 
ml., solutions are obtained which are equivalent to Folin-Wu or 1:10 protein-free filtrates of 
blood specimens containing 240, 160, 100, 80, 60, and 0 mg. glucose per 100 milliliters. 
3. The above diluted solutions are treated the same as the blood filtrate, and carried 
through the preceding procedure. 
4. The per cent transmission is plotted against the concentrations on semilogarithmie 
paper. The points should fall in a straight line. It is advisable to check the accuracy of 
these points with 4 or 5 other 1.0000 Gm, standard solutions. 


EXPERIMENTAL AND DISCUSSION 


The specificity of the reagent* ° was again confirmed by us. The reagent 
gave a positive reaction with mono-, di-, and polysaccharides which can be con- 
verted to the original sugar in strong acid. No noncarbohydrate tested gave 
the green color reaction. 

The reaction is dependent upon the heat developed when the reagent and 
water solutions are mixed.* Therefore, it was found that actually the size of 
the reaction tube is important. Less color is developed in a very small or a very 
large container due to rapid cooling and consequently incomplete reaction. We 
found a 50-ml. Pyrex Erlenmeyer flask most convenient and best for reproduci- 
ble results. When the reaction is complete and the mixture cool, it is poured 
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into cuvettes for reading. We used the Model B, Beckman spectrophotometer 
for initial and experimental studies, and later routine runs on blood and cerebro- 
spinal fluid glucose have been carried out with a 6A, Junior Coleman spectro- 
photometer and also a Cenco-Sheard-Sanford photelometer with good results. 

The Folin-Wu filtrate made from cerebrospinal fluid gave a cloudiness to 
the final reaction mixture. We found that 4.0 ml. distilled water, 1.0 ml. cere- 
brospinal fluid, and 5.0 ml. freshly made 5 per cent trichloroacetic acid gave a 
protein-free filtrate which produced no cloudy reaction. 

This anthrone method has been used in our diagnostic laboratories about 
a year with excellent results, and the method is much less time consuming?” '! 
than the previously used Somogyi method.’ 
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Fig. 1.—Comparison, of absorption spectral curves of the products resulting from the 
reaction of (1) gelatin, (2) furfural, (3) glucose with anthrone reagent, and (4) glucose 
with anthranol in sulfuric acid. 


Our apparatus for dispensing the strongly acid reagent is a Cenco pressure- 
bulb type burette of 50-ml. capacity, with a 2-liter reservoir and all glass 
connections. 

The following study of the mechanism of the reaction was undertaken in 
order to find whether the enol form, anthranol, was the reactive compound. 

Anthranol was prepared in about 10 per cent yield by refluxing anthrone in 
10 to 15 per cent aqueous sodium hydroxide for two to three hours, cooling to a 
low temperature with an ice-hydrochlorie acid mixture and slowly, with stirring, 
acidifying with IN sulfurie acid. The anthranol thus formed was quickly filtered 
and kept in an inert atmosphere of nitrogen. 









500 ZIPF AND WALDO 


The absorption spectral curves (Fig. 1) derived from the reaction of 
anthrone reagent with redistilled furfural gave a similar curve as an equimolar 
solution of glucose, except there was a slight shift in the maxima with furfural 
at 600 » and glucose at 620 ». Both curves showed absorption minima at 520 my 
and 760 u. These results then confirm Sattler and Zerban’s® finding that it is 
furfural or a furfural derivative from the respective carbohydrate which reacts 
with the reagent. 

The reaction of anthranol in sulfurie acid gives a spectral curve similar to 
that of the reagent which has stood about four weeks (Fig. 2), and they are 
dissimilar to the curve of freshly prepared anthrone reagent. This shows that 
anthrone slowly shifts to the enol form which is so sensitive to oxidation, that 
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Fig. 2.—Comparison of absorption spectral curves of the products resulting from (1) anthranol 
in sulfuric acid, (2) 4-week-old anthrone reagent, (3) fresh anthrone reagent. 


it may have suffered much decomposition, which accounts for the dark brown 
to purplish color in the long-standing reagent. The reaction of glucose with 
anthranol in sulfurie acid (Fig. 1) gives the same shape curve as with anthrone 
and sulfuric acid, showing the equilibrium that exists between the two forms. 
Thus the highly reactive enol form probably condenses with the carbohydrate- 
furfural derivative to produce the characteristic green color in dilute solutions 
and a deep blue color in more concentrated solutions. 

It is interesting to note that the spectral curves of glucose, galactose, glu- 
tamie acid, gelatin, and the Folin-Wu filtrate all show absorption maxima and 
minima at the same wave length (Figs. 1 and 3). The curves derived from 
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casein and 1-cystine appear identical (Fig. 4). Our spectral curves derived 
from the reaction of glucose and galactose with the anthrone reagent are identi- 
eal with those found by Graff and co-workers.'* 


SUMMARY 


An accurate macro- and microspectrophotometric analysis of glucose or 
earbohydrates in body fluids or other solutions is described with the use of the 
anthrone reagent. : 

The mechanism of the color development was determined. The carbo- 
hydrate-furfural derivative condenses with the highly reactive enol tautomer, 
anthranol. 
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UR experience with mucin solutions for the enhancement of the virulence 

of S. typhi is similar in many respects to that of Siler, Dunham, Long- 
fellow, and Luippold.* We also found that different preparations of mucin vary 
considerably in their virulence-enhancing power; that autoclave-sterilization at 
more than 10 pounds pressure considerably reduced their poteney; that steriliza- 
tion at 100° C. by flowing steam for thirty minutes on three consecutive days 
gave a uniformly satisfactory product. 

But in addition to that we found that mucin solutions sterilized at an acid 
reaction (pH 5.0) retain their potency on storage at 5° to 10° C. for a much 
longer period than those that are adjusted to pH 6.8-7.0 before sterilization, 
and that the addition of sterile 1 per cent glucose to the finished product just 
prior to the test contributes to the virulence-enhancing power of the mucin, 
possibly by increasing the rapidity of multiplication of the organisms. 


METHOD 


The method that we employed in the preparation of mucin solutions during 





the past ten years with uniformly good results is as follows: 

To prepare one liter of 5 per cent mucin solution add 50 Gm. of muein to 
950 ml. of hot distilled water in a flask. Mix well. Put a paper cap on the 
flask and place the flask in a pot of boiling water for thirty minutes. Twirl 
flask every five minutes until mucin is dissolved. If any clumps of mucin do not 
dissolve within thirty minutes, grind them in a mortar and add to the bulk. 

Then filter the solution through four thicknesses of fine cheesecloth (Belle- 
vue Roll). Distribute the mucin solution into flasks making a shallow layer for 
quick sterilization. Sterilize in the Arnold, without adjusting the reaction, for 
thirty minutes on three consecutive days. Test for sterility. Stopper the flasks 
with sterile solid-rubber stoppers and store at 5° to 10° C. This preparation 
will remain potent for several months. 

Before the test, warm the mucin solution until it flows freely. Adjust 
the reaction to pH 7.2-7.4 with normal NaOH. Add 50 per cent sterile dex- 
trose solution to make 1 per cent of the carbohydrate, then place in boiling 
water and twirl for five minutes. Filter through monel metal wire-gauze 60 
gauge. This will remove any small clumps that might clog the needles. 
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The 5 per cent mucin solution may be used as is, or it may be diluted with 
Ringer’s solution to 4 per cent by combining four parts of the 5 per cent mucin 
with one part of Ringer’s solution. 


In order to prevent the dilution of the mucin in the final preparation of 


the challenge culture, serial preliminary dilutions of the culture are made in 
Ringer’s solutions, but the two dilutions before the final challenge dose and all 
subsequent dilutions are made in the mucin solution. For example, if the 
challenge dose is in 10-7, then dilutions 10°°, 10°° and all subsequent dilutions 
are made in the mucin solution. 

Using this method and the strains 42-A-58 or No. 779 of S. typhosa, the 
L150 seldom exceeded twenty bacilli. 


Erratum 


, In the January, 1952, issue of the JOURNAL, in the article entitled ‘* Blood Pressure 
in the Aorta During Resection, and Repair of Coarctation of the Aorta’? by Josiah Fuller, 
M.D., Bowen E. Taylor, M.D., O. Theron Clagett, M.D., and Earl H. Wood, M.D., Ph.D.. 
the illustrations on pages 18 and 19 should be transposed. The illustration labelled Fig. 


) should be Fig. 4, and the one labelled Fig. 4 should be Fig. 5. 
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